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PREFACE 



TO THE 



SECOND EDITION. 



It is impossible to acquire thorough scientific knowledge by ihe study of 
books alone, without personal observation and research. But a thorough 
mcquaintance with physical science has become necessary to success in so many 
porsoits that the chemist, the physician, and the practical mechanic, not less 
than the professed physicist, must know how to make physical experiments. 
The intrinsic interest of the subject also attracts many who have no positive 
necessity for the study. The amateur confines himself usually to some special 
branch of the science, but the teacher must have a much more general acquaint- 
ance with the art of experimenting : for the intellectual and material import- 
ance of physical science is daily becoming more evident, though its practical 
utility is that which will first gain it a place in the school. In order that 
instruction in natural science may accomplish that which is expected of it, 
(whatever may be the method employed,) it must be supported by experiment 
The time when chalk and black-board were all that were required, is, fortunately 
for our schools, long past. 

To assist instruction by experiment, requires something more than the expend- 
iture of money in the purchase of apparatus : the teacher must know how to 
make experiments. Many teachers, however, have had no opportunity, after the 
completion of their studies, to acquire the art of manipulation, and must learn 
it after the apparatus has been placed in their hands as teachers; and how 
often is the division of studies made to depend upon which teacher can occupy 
two to four extra hours a week ! Even if the first selection of apparatus be left 
to the teacher, the means, usually sparing enough, will often, in spite of his best 
endeavors, be injudiciously expended, though hardly sufficient to procure the 
most indispensable articles; while no provision at all is made for the future 
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development of the instractor himself. The teacher can only overcome thi^ 
difficulty by undertaking himself to construct such apparatus as does no^ 
require a particular arrangement of the workshop, special dexterity, and acco — 
rate execution ; or, at least, to have them made under his direction by suclm 
mechanics as are accessible. This is possible only when the apparatus is 
reduced to the simplest form consistent with its object. 

Many others arc placed more or less in the same circumstances as the teacher, 
and the amateur in physics will take pleasure in constructing apparatus for 
himself. 

It is the object of this book on the one hand, to furnish an introduction to 
physical experimentation, to describe all the particulars requisite to success, to 
call attention to those points which must be considered in the purchase and use 
of apparatus ; and on the other hand, to give instructions for the construction 
of apparatus in the cheapest and most effective way. 

Much of what is here treated of is scattered through the text-books on 
physics; but there is much more which would be out of place in a text-book, 
and is preserved only by tradition among physicists. It follows, fh)m what has 
been said, that the book cannot treat of experiments intended to advance the 
science, but of such as are suited to the demonstration of known laws, and must 
even exclude those which illustrate laws too recondite for general instruction. 
The theoretical importance of the phenomena of fluorescence, and the tension 
produced on wires by electrical induction, have induced me to mention them, 
although they have not yet found their way into text-books. 

It was no part of my design to make a complete collection of experiments or 
apparatus ; and those experiments which require no particular apparatus or care 
have been passed over for the most part in silence. Of several experiments for 
the illustration of the same laws, the preference is given to those which are 
most easily performed, most striking, and cheapest. 

In regard to the making of apparatus, I have described only such as one with 
some mechanical skill, or the aid of a good mechanic, may make for himself. 
Such things as air-pumps, telescopes, microscopes, etc., must always be bought 
from the dealers. If one does not object to the trouble of overseeing, many a 
thing can be made by a handy mechanic which is in no way contemptible; for 
this reason, many pieces of apparatus have been drawn in section. The money 
spared in this way may be expended in the purchase of other articles which 
cannot be made at home, and thus more accomplished with little means. 

In this edition I have, more frequent than in the former, in connection with 
the simplest apparatus, also described more complex ones, which answer the 
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porpose better. The choice mnst depend upon the time and the means, as well 

u upon the scope of the instraction. 
It is troe that, in beginniDg, the amateur iostrument-maker, with all the pains 

tliat be may take, will not make very elegant apparatus ; bnt it will at least be 

nsefal, while one often buys apparatus which be could just as well make him- 

Beir, or which was not properly examined, or well packed before sending. 

All costly articles should be purchased from makers of known character. 

I hare not designed to explain all the mechanical operations necessary, and 
bare assumed technical terms as known ; for otherwise, the description of the 
ftpparatos would have been too prolix. It was necessary, however, to the 
object in view, that directions should be given for such common operations as 
soldering. Tarnishing, glass-working, etc. I have been induced, partly by 
experience, and partly by the wish of experienced friends, to collect the descrip- 
^n of these several processes, and make of them a separate division of the 
book. This gave the opportunity to describe several operations more minutely 
than WES done in the first edition. Such operations as are only necessary in a 
special experiment have been left in their place, as they would be souglit for 
nowhere else. 

The size of the apparatus is always given, either in the text or in the figures, 
as I have learned by experience how greatly one may err in this respect. lu 
these measures, the line is assumed as equal to 3 millimeters. 

Although I had in general avoided the designation of apparatus by the names 
of the inventor, except when this was in common use, some errors of this kind 
crept into the first edition. J have done my best to correct these errors in this 
edition, and repeat my former declaration, that I did not feel bound to go into 
investigations of the right of priority. I am glad to receive corrections, when 
made in a proper spirit 

In the arrangement of subjects, I have followed Professor Muller's text-book 
of physics. Many figures have also been borrowed from the same book, with 
the consent of the author. The desire to make the book as cheap as possible, 
induced me not to repeat the description of such apparatus as, for example, the 
air-pump, whose construction is described in every text-book of physics ; but, 
assuming their construction as known, to allude only to the precautious neces- 
sary in using or constructing them. Everything relating to chemistry has 
been omitted, because there are already excellent hand-books on this subject. 

My attempt at an introduction to physical experimentation has been received 
with more favor than, from its imperfections, I had any reason to expect ; as is 
beat shown by a new edition being required in so short a time. I have used 
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every opportanity, in the mean time, to supply the defects of the former edition^ 
both by clearer descriptions of processes and by more definite statements or" 
number and measure. 

In perfecting the present edition, I have been under obligation to many- 
friends and acquaintances for the description of simple apparatus ; and especiallj 
to Professor Yarrentrapp, of Brunswick. I would here express my thanks to 
these friends, and also to the publishers, who have enriched this edition with 
many additional figures, and substituted many new ones for others which were 
wanting in precision and accuracy. This is a matter of great importance, for 
the design of the book requires the most careful delineation of the objects 
described. 

May this edition be as kindly received as the last, and contribute its quota to 
the advancement of science. 



THE AUTHOR. 



Freiburg, in the Breisgau, ) 
January y 1856. J 
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PART FIRST. 

PHYSICAL MANIPULATION. 

ICaoagement of Apparatna in general, and Directions f6r aome of the moat 

frequent Operations. 



CHAPTER I. 



OF THE ARRANQEAISNT OF THE PLACE AND THE MANAGEMENT OF 

APPARATUS IN GENERAL. 

[1] The Boom. Convenient arrangement and careful preservation 
of the apparatus facilitate its use, and contribute to its durability so much, 
that thej are of equal importance to the teacher and the amateur 
Bat reasonable desires can seldom be gratified in this matter; the 
teacher is seldom able to make the desired arrangements or changes. If, 
however, it be in his power to control the arrangement of his lecture- 
room, an apartment should be especially appropriated to the purpose of 
physical experimentation, in which the seats should be arranged in 
rising succession, with the foremost nearly on a level with the table, so 
that even those in the first row may look downward upon it Much time 
is saved in this way, by enabling the lecturer properly to prepare each 
experiment beforehand, not to mention the time which is often lost by 
having to set the apparatus in its place during the lecture. It is very 
advantageous to have an adjoining room for the preservation of the 
apparatus. This should in no case be too far from the lecture-room, and 
least of all in another story. The laboratory must be near the apparatus- 
room. This room should have the sun on at least one side, and be well 
provided with shelves and drawers. 

[2] Most pieces of apparatus can be best kept in glass cases from twelve 
to fourteen inches in depth, made in two parts, a lower one about two 
feet and a half or three feet high, with wooden doors, and an upper with 
glazed doors ; these should move on hinges, not slide. By means of a 
small ladder of two or threo steps, access can be had to the top shelves, 

2 (n^ 
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on which may be placed such light articles as are onlj need occasionally. 
Larger pieces of apparatas which cannot be kept in these cases, snch as 
alr-pnmps, electrical machines, etc., should be protected from dnst bj 
■nitable covers of pasteboard, muslin, silk, or other material Id this 
room as little work as possible shoald be done. 

[8] In the workshop there should be a wide, firm table, with drawers, 
in the middle of the room; and, bj a window, a hear; work-bench, of 
three-inch oak, provided with a vice. Under another window shonld be 
placed a tnraing-lathe, with its apparatns. A forge is also indispensable. 
It shonld be so sitnated that the operator shall not stand in his own 
light The bellows can be arranged overhead. It need not be large — from 
two to four square feet are enough for all purposes. In case the opera* 
tor is obliged to make it himself, the necessary directions are given auder 
the head of glass-blowing. The tube which conducts the blast to the fh^ 
nace maybe made of tin, from one to two inches wide, terminating in acast- 
iron noule, with an aperture half an inch wide, in order to concentrate the 
blast. The nozzle projects half an inch into the fhmace, and inclines at 
a small angle toward the hearth. 

The blast-pipe is nsoallf famished with a stop-cock, in order to con- 
Fig. 1 
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trol th« blast or shot it off aaddenlj. It is well to hare b tnbe leod- 
iog from the ade of the stop-cock, as in fig. 1, the parts of which are odIj 
Rtnck into each other, so that it may be fixed in any direction and broaght 
bear npon a hand fnraace. The tap of the stop-cock is made cylindri- 



cal, as is shown in figs. 2 and 8, and hu three openings, 
so that the blast may be entirely cnt off, or thrown Into 
rither tube at pleasnre. The hearth of the forge need 
not be more than two inches deep ; its depth is easily 
increased by laying a few fire-bricks around it. A valve 
ihonM be provided to close the chimney in the winter, 
when the forge is not in nse. Near the forge, a blast- 
Ibmace shonld be bnilt in the broad hearth. A glass 
case abonid be provided for the necessary chemicals ; the 
tools, however, may be stuck in racks nailed against the 
walls or in the recesses of the windows. The smaller 
and more delicate articles may be preserved in wooden 
boxes or drawers. 

[43 The introdnction of gas into a laboratory is a 
great convenience; it is cheaper than spirits of wine, 
cleaner and more convenient than sny othci' fnci, and 
gives a hotter flame. Two bamera should be placed 
over the bewrth, one for illamination, the other for beat- 
ing; fig. 4. Forthelatr 



Fig. 2. 



ter purpose, a ring with 
three arms, figs. 6 and 6, 
is fixed on the burner, to 
npport a conical tnbe of 
sheet-iron or copper, fig. 
1, which is covered at 
the top with coarse wire 
gauze. The gas is mixed 
In the tnbe with atmos- 
pheric ur, and bums 
above the ganze with 
a bluish flame, without 
smoke. When a higher 
and concentrated heat is 
required, this tube may 
be surrounded by a simi- 
lar one half an inch high- 
er, resting in the niches, 
fig. 6, wUch biioga ui 



Fig. 5. 
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additional current of air to the flame. The flame is completely controlled 
by the stop-cock. The branch in fig. 4 can be fitted with a joint, 
so as to swing roond, if desirable. Almost any form of bamer can 
be nsed. The wire ganze mast be two inches above the top of 
the bnrner. Bamers with nnmeroos apertnres are preferable, becaase 
they produce a more thorough mixture of the gas with air. Simple or 
jointed brackets are placed over the work-benches. They should be 
made with two burners, so that one may be used for illumination, and a 
flexible tube attached to the other; or a stop-cock, with a short tube bent 
downward, may be soldered into the pipe, as in fig. 8, for the purpose of 
attaching a vnlcanized rubber hose. If a thin India-rubber tube be 
attached directly to the burner, it will bend over and stop the flow of 
gas. For boiling, or igniting, on the work-bench, the wire gauze may 
be set over the burner, 6, fig. 8, or the burner, Qg. 9, which is connected 

Fig. 8. 





by a flexible tube, with the stop-cock, a, fig. 8. This burner consists of a 
wooden or metal stand, a, in which the rod c may be fixed at any height 
by a screw. This rod supports a gas tube, d^ on which the bnrner is 
screwed. 

Gas apparatus for some special purposes will be described hereafter. 
The arrangement described here involves so little additional expense, when 
gas is once introduced into the building, that it bears no proportion at 
all to the convenience attained by it. These requirements will, perhaps, 
seem too great for a high school or academy, but they can hardly be 
moderated, if instruction is to be imparted successfully, and not confined 
to text-books. No provision for instruction in chemistry is here contem- 
plated, for crowding a workshop and laboratory together is attended with 
much injury to the iron and steel tools. 

[5J If ihe teacher be disposed to devote time to the construction of 
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sach apparatus as he can make, with the instractions here given, or have 
them constmcted under his snperyision by skillfnl workmen, he must be 
proyided with the necessary tools, which are not very nnmerons. The 
most of them he can construct himself as occasion requires ; and all large 
operations had better be left to a mechanic. The necessary skill is easily 
acquired, with a little care and attention. The directions given in this 
book apply, with the exception of soldering, mostly to operations for which 
no experienced workman can be found in small towns, and at which the 
experimenter must often try his hand without ever having seen them per- 
formed. The following list may be considered as comprising the necessary 
outfit: — 

1. An iron vice, of about 20 pounds weight. 

2. A set of files and a hand-vice. 

3. A pair of bellows, with water trough, smith's tongs, coal shovel, and 
tongs. 

4. A homed anvil of from 25 to 30 pounds. 

5. Several hammers of from two pounds to one-quarter of a pound. 

6. A pair of nippers. 

7. Two flat and two round pliers. 

8. A pair of tinner's shears. 

9. A small lathe. 

10. A chisel and a gouge for turning wood. 

11. Various augers and bits for the lathe. 

12. Brace, with an assortment of bits. 

13. A screw-plate for cutting screws of various degrees of fineness, up 
to two or three lines. 

14. A saw for cutting metal. 

15. A pair of callipers. 

16. A milling wheel. 

17. A screw wrench. 

18. A jack and a smoothing plane. 

19. A couple of chisels and rasps. 

20. A panel saw. 

21. A few screw clamps of different sizes. 

22. A glue pot 

23. A hatchet 

24. A grindstone and whetstone. 

25. A charcoal furnace. 

26. A spirit-lamp with rather thick wick. 

27. A blow-pipe. 

28. A soldering iron. 
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29. A gla88-blower'b table. 

80. A pair of strong scisaors. 

81. A small iron mortar. 

82. A porcelain mortar. 

83. An iron bevel 

84. A glazier's diamond, and a diamond for writing on glass. 

The cost of all these articles maj amount to $100; the lathe alone 
being worth, say $30. The price of each will of course vary with the 
perfection of the workmanship, bat the first cost cannot be less than this. 
The most costly article, the lathe, is at the same time about the most 
indispensable. If the experimenter be not familiar with the use of this 
instrument, the advice of some experienced person should be taken in its 
selection, with due reference to the place where it is to be used. When 
the means allow, it should have cast-iron cheeks and rests. The spindle 
must be arranged for attaching screw guides, and have on the cheek end 
an external and internal screw. Two drums will be required, one about 
eight inches in diameter for turning iron, the other three or four, for 
turning wood and brass. The fly-wheel should not be less than 50 pounds 
weight, and two and a half feet in diameter. Besides the tools, a stock 
of various kinds of wood, such as beech, walnut, cherry, and poplar, must 
be laid in some dry airy place. Neglect of this causes many difiSculties 
from the shrinking of green wood. 

With the above-mentioned apparatus, the operator will be able, by 
degrees, to construct the remaining tools for himself. At first, all will go 
on slowly, as to make the smallest or simplest article may require the 
construction of a special tool ; but this difficulty and delay will gradually 
lessen, and much practical skill be obtained for further operations. The 
experimenter must learn to do much with small means, and even, as Frank- 
lin says, ''saw with a gimlet and bore with a saw." 

[6] If, after all, the above tools cannot be obtained, the following 
will answer a great many purposes : — 

1. A small bench-vice, with anvil. 

2. A hand-vice. 

3. A small anvil with a horn. 

4. A pair of nippers. 

5. Flat and round pliers. 

6. Two hammers. 

7. A couple of files and rasps. 

8. A few gimlets. 

These may cost some $25 in all, and are really as few as can be got 
along with. 
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[7] The purchase of apparatus depends so much on the means at 
oommaod and the extent of the instrnction proposed, that no general 
rales can be g^ren for it If the teacher be inexperienced, he shonld not 
be hastj in making his purchases, but rather accumulate apparatus gradu- 
ally as it is needed in the course of his instrnction ; he will thus learn 
best how and where to order apparatus. 

Under the supposition that it is intended to construct most of the 
apparatus for one's self, the foUowing should be immediately ordered from 
an instrument-maker, eren though the instruction to be imparted be of the 
most elementary character: — 

1. Common balance, carrying from five to ten pounds - - - $25.00 

2. An areometer 1.00 

8. Siphon barometer, with stopper 20.00 

4. Aur-pump, with its apparatus $10.00 to 300.00 

5. Models of suction and forcing pumps, with glass tube - - 12.00 

6. Concave, convex, and plane glass mirrors 3.00 

7. Prism, of flint glass, if possible 1.25 

8. Large convex lens, with several of smaller size ; also a con- 
cave lens 6.00 

9. Terrestrial achromatic telescope magnifying 12 to 20 times 30.00 

10. Compound achromatic microscope $18.00 to 50.00 

11. Thermometer, the scale on glass 2.00 

12. Water hammer 3.00 

18. Horseshoe magnet, carrying 18 to 20 pounds .... 3.00 

14. Magnetic needle with agate cap 1.00 

15. Electrical machine $20.00 to 200.00 

16. Six carbon and zinc elements 15.00 

Add for tools, and pay to workmen for what is given oat, and 

for materials 170.00 

$339.25 
Thus for an original outlay of from $400 to $800, and an annual 

addition of $50 for at least the first few years, the experimenter will be in 

possession of apparatus by means of which he will be able to give very 

thorough school instruction in physics. 

A more complete list of apparatus will be found at the end of the book. 

[8] Each of these instruments, as far as possible, shonld be taken to 
pieces, in order that its construction may be accurately stadied, and manipu- 
lation be thus more readily understood. Some too may have imperfections, 
or at least uncertainties in use, only to be avoided by special precautions. 
Should this be the case with any, it would be well to attach in writing, to 
each, the method by which the necessary rectification is to be made. 
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Likewise, all appartenances, such as wires, hooks, etc, should be laid 
beside the apparatus to which thej belong. When an inventory of stock 
is kept, each piece should be numbered, and opposite this number in the 
list, should be stated the name, use,, cost, etc. This wiU be useful to the 
present incumbent, and still more so to his successor. 

[9] WheneTcr any piece of apparatus has been used, it should be care- 
fully cleaned and returned to its appropriate place ; all articles should, as 
&r as possible, be arranged in systematic order. 

Glassware is best cleaned with alcohol and blotting-paper, and dried 
with a clean linen cloth. Brass should be rubbed, in the direction in 
which it was polished, with linen and fine Tripoli, or prepared chalk, 
and dilute alcohol. Brass articles are generally varnished, in which case 
nothing more can be done than to rub them with clean blotting-paper and 
fine linen, and this only in the direction of the streak. Articles in fre- 
quent use should never be varnished, as varnish soon rubs off in spots, 
which looks badly. Whenever this is the case, it will be better to remove 
the varnish entirely by means of alcohol. 

Iron apparatus is rarely varnished ; it may be cleaned by rubbing with 
blotting-paper and a little olive oil, with which the surface should always 
be lightly greased. If harder rubbing is necessary, add to the oil finely 
levigated emery, or else take emery paper. If the latter cannot be 
obtained, it may readily be made, by coating stout writing-paper with 
strong glue, and then upon this sifting emery through fine gauze. The 
sheet is then to be folded, so as to bring the coated surfaces together, and 
several placed in a pile between two boards, and dried under a moderate 
pressure ; the loose emery may afterwards be shaken off. 

[10] Standards of measure are an important part of physical appa- 
ratus, and the experimenter should be provided with those in common 
use, so that descriptions of foreign instruments may be understood, without 
the labor of reducing them to the more familiar unit. Obtain, if possible, 
a slender stick of apple-tree wood, which has been cut a long time ; fashion 
it into a bar, half an inch square, and a meter in length. The ends 
must be cut exactly square, which may be done with a file. Lay off on 
this bar the length of a yard, by an official standard, noting the tempera- 
ture, which, however, has little influence on wood, and divide it into inches. 
In this way a scale can be obtained whose accuracy may be relied on, at 
least within known limits, which is not the case with those purchased, even 
when officially stamped. The lines or the other subdivision of the inch 
may be marked off b} means of a paper scale. For ordinary use, a 
tape line or wooden measure, whose accuracy has been tested, is good 
enough. 
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[i 1] On the other three sides of the bar mark three other scales, their 
length having first been ascertained by calculation, and then subdivided. 
The graduation must be regulated and controlled as much as possible by 
calculation of subdivisions, so as to m^ke the various scales Fig. 10. 
harmonize with each other. A meter, divided into centi- 
meters, should by all means be among the number. 

The Yemier is indispensable in making small measure- 
ments, and its use should therefore be clearly explained to 
a class. As those in actual use are generally small, and 
therefore unsuited to illustration, it will be better to con- 
struct one on a large scale, from four to six feet long, fig. 
10. If the wood be light colored, and the divisions well 
blackened, the use of the Yemier may be explained to a 
whole class at once. 

[12] Measures of capacity. — More accurate meas- 
ures than those in daily use will not often be required, and 
when necessary, it will be best to employ the corresponding 
weights. If, however, they be really required, then they 
should be made of metal, and cylindricd, preserving the 
proper legal proportion between diameter and height The exact gauging 
of soch measures presents many difficulties, when they are required to be 
filled to the brim. If this be not the case, and it never is so in physical 
experiments, one can graduate any glass vessel for himself, by pouring into 
it the proper weight of water. A glass tube of one-half to one inch 
diameter, which has been adjusted and graduated into cubic centimeters 
by successive additions of one gramme of water, will be found very con- 
venient in many experiments. The divisions may be made \fith the dia- 
mond, and should correspond with the horizontal surface of the water, 
and not its elevated margin. They may also be etched in, according to 
the directions g^ven in the following chapter. 
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CHAPTER 11. 

ON 0LA8S WOBKINO. 

[13] As it is rare to find in small towns any one who can work glass, 
this generally devolves upon the physicist; it is therefore described more 
minntely than other mechanical operations. 

[14] Emery is a very nsefhl material in working glass; it is, therefore, 
weU to describe the mode of preparing it Commercial emery is not 
generally well assorted; the finest dnst is mixed with coarse grains, from 
which it must be separated by levigation. The commercial emery is 
stirred briskly, with ten times its weight of water, without giving it a 
rotary motion, and the water instantly poured off from the sediment into 
another vessel ; firom this vessel, after standing from three to four minates, 
it is poured into a third, in which the emery is allowed to subside — or, 
after standing from five to ten minutes, it is poured into another vessel. 
Three or four sorts of emery, varying in fineness, are obtained in this way, 
the coarsest of which is often adulterated with sand, and the various 
grades are dried and preserved separately. 

[15] Grinding and boxing glass.— The occasions for grind- 
ing glass in physical experimentation are very numerous. The rough 
grinding is done on a flat cast-iron plate, with quartz sand or coarse 
emery and water; and the article is ground smooth on an old piece of 
plate glass with very fine emery and water. The plates which are used 
for this purpose, especially the glass plates, do not last long; they soon 
become concave. They may, however, be ground even again upon each 
other ; very good cast-iron plates may be had for this purpose from the 
machine-shops, but they should be reserved for the finishing touches. In 
ease the glass plate of the air-pump should be broken, a piece of mirror 
glass, of the proper thickness, should be cut round, the edges ground off, 
and the hole bored through the center, by a copper coin fixed to a piece 
of wood in the lathe, with emery and oil. With a little patience, an 
angular plate of glass may be rounded on a common grindstone. Holes 
may be bored in glass with ease and rapidity by means of an iron, or, 
better still, a copper ring half a line thick, secured to a wooden chuck so 
as to be concentric with the spindle of the lathe : a piece of cork, corre- 
sponding in size to the inner diameter of the ring, is cemented to the glass 
(26) 
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M a guide. The lathe most be set in rapid motion, and a thin paste of 
emerj and oil constantly applied; a round piece of glass will thus be cut 
out Lenses are cut out of thick glass in the same way. 

When the glass is nearly cut through, a smooth piece of hard wood 
must be pressed against it, opposite the ring, and as soon as the lathe cuts 
through in a single spot, the application of emery should cease ; at least, 
when the plate is thin. It is very difficult to avoid splintering the edges of 
such holes. The best mode of preventing it, is by boring from both sides 
toward the middle. Holes in glass may be enlarged by means of a conical 
block of wood smeared with emery and water. When the piece of glass 
is of such shape that it can be fixed on the lathe, a circular groove may 
be cut out with a graver, moistened with turpentine, while the lathe is turned 
ibwly. Holes from one to two lines in diameter may be bored with a 
eopper drill, and those of less size with a three-cornered pointed steel drill, 
BKHstened with oil of turpentine. The watchmaker's drill-bow is very 
convenient for this purpose. The pressure must be very gentle when the 
pdnt of the drill comes through. Holes may be bored by hand, with al- 
moet any hard tool moistened with oil of turpentine, nearly as fast as on 
a lathe. A dull suiface is given to a glass plate most readily by grinding 
item another glass plate with emery and water; if the plates be even, 
the finest emery may be used at once. Grinding crystals, for optical pur- 
poses, will be described in the chapter on optics. 

[16] Grinding glass stoppers.— Although bottles with glass 
stoppers may be had almost anywhere, there is seldom care enough taken 
to render them air-tight If the stopper needs but little alteration, it 
should be ground by hand, with emery and water ; if it be very irregular, 
it should be fixed to the lathe, and coarse emery and qaartz sand used at 
first In both cases, the stopper must have not only a rotary, but a 
tongitndinal motion. It is seldom worth while to take much trouble with 
a stopper that fits very badly, but it sometimes may be necessary, and may 
be done most easily by making a copper plug the size of the stopper, and 
grinding out the neck of the bottle with it When a stopper sticks tight, 
too much force should not be applied to it; it is better to heat it gently 
over a spirit-lamp, and then try to tarn the stopper: if not saccessfal the 
first time, let the bottle cool, and heat it again more highly. Care mast 
be taken to hold the bottle so that the contents shall not be spilled in case 
it breaks. A drawer should be appropriated for preserving all odd stop- 
pers, which will come into play for many purposes. 

[17] Cutting glass. — It is often necessary to cat off glass tubes, 
rods, or cylindrical vessels. Tubes not over i to f inch thick may be 
broken easily, by making a notch in one side with a three-cornered file. 
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wd then placing both tbamb<D«ilB opposite the notcb, uid bending the 
tube slowly ontward. Thicker tnbes mast be cnt sll oronnd with a file 
dipped in spirits of tnrpentiue; or » red-hot iron may be drawn around 
the place, and vater dropped on the heated anrfoce. An iron ring is best 
adapted to this purpose, and should be held by a second person, who also 
holds water in readiness. A crack maybe led in any direction, by placing a 
hot iron on the glass just before it, and drawing it in the required direction. 
The following method is better for cylindrical vessels: Tie a flattened 
roll of paper on each side of the spot where the glass is to be cut off, 
leaving a free space between them less than a line in width, forming a 
channel between the two folds. Take a Goe, tightly twisted cord, long 
enough to go around the vessel, and leave two or three feet over, after 
being wonnd nronnd the hand once or twice at each end ; two persons now 
hold the vessel firmly against the table with one hand, and with the other 
draw the cord back and forth in the channel between the papers. The 
glass soon becomes so highly heated that the cord takes fire and bums 
off; water ia then thrown on the heated spot The glass generally cracks 
_. - off very evenly, and the more 

so, the narrower the channel in 
which the cord moved. Instead 
of the folds of paper, Mohr ases 
the wooden instrameot, fig. 11. 
It is screwed to the table, and 
each operator holds one end of 
the glass, while the cord is drawn 
backward and forward through 
the slit in the wood. 

When the glass has already a 
crack, or one can be started from 
an edge, the heat can be applied 
more conveniently with littie 
cylinders of charcoal. These 
cools are prepared in the fol- 
lowing way: 60 gr^ns of gum 
tragacanth are dissolved in 
sufficient water to make four 
liquid ounces of mucilage; 30 
grains pulverized gum benzoin are then dissolved in the smallest possible 
quantity of spirits of wine ; the two solutiona are then mixed in a mortar, 
with enongh pulverized and sifted beechwood charcoal to form a plastic 
mass— a little softer than ptU mass is generally made. Cylinders, from 
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^ of an inch thick and 8 or 4 inches long, are rolled out of this mass, 
under yerj gentle pressure, and dried slowly. These cylinders, when 
ignited, continue to bum of themselyes with 'a pointed end ; the coal is 
used, by holding it at the end of the crack, and drawing it slowly, with- 
oot pressure, in the desired direction. It is well to mark the direction 
which the crack is to take, with chalk or ink ; the coal mnst be frequently 
tamed and blown, as the cooling action of the glass extinguishes it 
where they are in contact When the crack approaches within a line of 
the starting-point, it will follow the coal no longer, and the rest must be 
broken off. 

When the glass is not already cracked, a crack may generally be made 
by notching the edge with a file, and then holding the coal, kept in lively 
combustion by blowing upon it, against the notch. A thin cylinder of 
glass may thus be cut into a spiral ribbon, which is tolerably elastic. In 
the same way pieces of any shape may be cut out of flat glass. The ine- 
qualities which are left on the edge of the glass may be removed with the 
copper emery-wheel, or by grinding on sandstone ; the smaller ones can 
be remoTed with a file, moistened with resinous oil of turpentine, or a 
solution of camphor in turpentine. Little pieces may easily be broken off 
with a pair of flat nippers, and round plates may be cut out of window 
glass in this way. 

[18] Glass-blowing. — Scarcely any operation is more frequently 
necessary than blowing glass ; and skillful workmen are only to be found 
in large towns. Even when a glass-blower is quite near at hand, it is very 
inconvenient to call in his assistance on every slight occasion, and some 
dexterity in this art is therefore indispensable. 

[19] Construction of the blast-table.— It is desirable to have 
if possible, a separate table for this purpose ; but if this be not possible, 
the whole apparatus may be arranged in a box, which can be placed on 
any low table during use, and afterwards removed. The bellows should 
be made to rise vertically, so as to contain more wind,' and both the 
upper and lower parts have a single fold, which may be made of wood. 
Neither part requires more than two inches play; it is better to in- 
crease the blast by increasing the surface, which need not in any case 
exceed 1^ or 2 square feet More weight is required, in proportion, 
to obtain the same pressure with a greater surface ; but bellows which 
rise vertically, i.e. have no hinge in the upper part, have an unsteady 
motion when they rise high, especially when the cheeks are made entirely 
of leather; they require then to work in guides, which is very incon- 
vraient 

The following directions are given, in case it should be necessary to con- 
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Btnict sncli a bellom for one's selC The middle board, fi^. 12, ia made 
of half-inch stuff, from 1^ to 2 feet long, and one foot wide. It has tiro 
■qnare openings for the T^res, two inches long, one inch wide, and on« 
inch apart It is better to have two Talres than one of doable the rise. 



FigAi. 




In one of the long sides, a hole, a, one-quarter inch wide and one inch 
deep, is made, connecting with a wide opening, b, in the top of the board, 
to receive the pipe. The board is covered on both sides with stout paper 
or old parchment The Talres are made of wood, a little thicker than the 
combined thickness of the cheeks when folded together, so that thej will 
be pressed down by the top board, when the bellows is not in use. Instead 
of a single board, the valves maj be made of atripa, one-half an inch wide, 
tacked close together, upon the valve leather; all warping Is thus pre* 
vented. The valves extend half an inch beyond the opening, all around, 
except on the hinge ude, and are faced with a piece of sheepskin, gined 
on with the hi^r side outward. They most be pressed between boards, and 
1^ to dry, so that the leather mayremuu smooth. The leather projects 
on one side, to serve as a hinge. Fig. 13 shows ench a valve, made of 
Hg. 13. 




slips, in position. The valves are prevented from rising high enough to 
ttiU over, backmrd, by a nurow sMp of leather, which most not be loag 
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Miongh to Tall under the tkIto. The cheeka are best made of thin boards, 
covered with paper or pasteboard, and bo ai^'nated that, when closed, 
the corners do not come qaite together, as is seen in Sg. 12. Tbej are 
connected by pieces of sheepskin, gined on by the flesh side ; the comer 
■trips most be wide enongh to allow the cheeks to open freely. The 
cheeks are connected in the same way, with the middle and upper boards, 
and it is well to connect the two latter by strips of leather, to prerent the 
cheeks from expanding to quite their fall extent 

The bottom board is made a little smaller than the top board, to 
afford room for the hinge. The cheeks of the lower part are best made 
of strips of good bnff leather, two inches wide, nailed to the boards, and 
joined at the edges by glning on narrow strips of the same The lower 
Talves are exactly similar to those already described. If the bellows can 
be had from an organ-bnilder, it is better not to attempt to make one at 
home. Fig. 11 shows the bellows expanded, 
IHg. U. 




The table should bo 
three feet high, and the 
bellowa hung immedi- 
atdy beneath the top, 
Eo that there will be 
space enough for the 
operator^ fret, below 
it The top has a 
ledge projecting one- 
qnarter of an Inch all 
anmad, ' ~~ ~ 



The 



beDows is worked either by a lever fostened to the table and connected 
bj a wire with a stimp, or by a cord &stened to a projection on the lower 
board, and passing upward over a pulley, to the stirrup wire. The bellowa 
ti did into a groove cut on the inner side of the casing, and secured by 
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s Bcrew. The top of the table nmst be screwed fast to the casing, &b it 
his to replace one of the sides. Tbe conical end of the wind pipe is 
stack into tbe bole in tbe middle 
board, so that it can be incliaed to the 
table at any angle. The length of 
tbe pipe depends on the height of tbe 
lamp. It is very conTcnient to have 
a wooden rod projecting abont an inch 
above tbe table, npon which one of the 
two slides, fig. 16, is fastened by a bind- 
ing screw, in order to hold the noszle in 
a fixed positJon. The table maj be 
made a little wider than the bellows, 
to admit a small drawer to hold tbe 
necessary instniments. 
The pressure required for glass* 
blowing, with a small exit pipe, ia abont 1^ ounces to the square inch. 
An old iron plat« is the most convenient weight For larger operations, 
where the exit pipe is wider, the pressure must be increased ; in this case, 
tbe bellows is always kept full, and any required pressure ^>plied by the 
foot. 

[20] Tlie Lamp. — This is made of tinned iron, narrow in tbe direc- 
tion of the blast, and the wick set near the end. It is best to fit it with 
* tnbe, in which a solid wick can be screwed np and down, figs. IT and 18. 
The tube must of course be slit, to admit tbe oil. The movement of the 
vrick is eifected very simply, as is shown in figs. 19 and 20, where the 
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Fig. 20. 




wick ia inserted Id the collar, a, tbe stem of which passes ont through 
the alit in tbe tnbe, fig. 20. Through this stem, which is of tin, the deep 
threaded screw, c, d, passes. Two strips of tia, soldered to the tube, 
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ftmuBh thfl points of rapport for the scrav, and an excaration is made in 
the t^e, to receire the part of the tnbe which projects below the lamp. 
Thii admits of a longer wick, witbont allowing the oil to sink ao low, as 
it must in a deep lamp. If a little hole be made in the side of the head 
of the screw, it can be eaail; and rapidly tamed by means of a pin or 
wire, when it grows hot. 

A rimple arraBgement of the lamp is shown in figs. SI and 22, where 
the wick is merely laid in » tnbe, and is prevented trom bnming too for 
back by the plate, fig. 83, which is pashed forward on the top of the 
lamp, towatd the wick. 



lig. 21. 




Fig. ii. 



It is wvli to place the lamp on a sheet of tin abont a foot aqnare. 
tnmed np at the edges; it saTes the table from being bnmed. as one is 
often compelled to lay down hot pieces of glass. 

[21} Oil is nsed as the combustible, and 
cannot well be replaced by anything else, 
when a hot flame is required. The wick is 
made of cotton, loosely twisted together. 
For the cylindrical wicks, take the wicks 
woven for argand bnmeis, and fill them 
with loosely twisted cotton. 

When a very hot fire is needed, it Is a 
good plan to fhsten a rotind piece of beech- 
wood coal, between four wires, stuck in a 
board, fig. 24, with the crown toward the 
Same ; the radiant heat of the bnming coal 
increases the effect very greatly. For the 
lune reason, It is not good to tnrn the wick 
next the operator, and let the Same pass over the lamp, apart from the 
iDconvenience of snch a position. 

on, when exposed for some time to the air, becomes resinous, wbic-b 
makes its nse very inconveuieut for the physicist, who often does not 
require his lamp for months together. In this case, the spirit-lamp, with 
a thwk ronnd wick, is preferable. If the wick be made abont ^ inch 
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Fig. 25. 



IKg. 27. 



thick, it affords rafflcleot heat to bend lai^ glass tabes, blow thermometer 
bulbs, etc., especiallf with the aid of the piece of charcoal jnat meatioaed. 
A lamp with double draught, like the argtuid lamps, is more effective than 
the commoD Hpirit-lamp. The oozzle is fitted by a cork to the iuner tabe, 
and the Same driven up vertically. The space between the cylinders 
should be large enough to receive several cylindrical wicks, fitted one 
within the other. 

[2Sj The nozzle most be 1( to 3 lines wide in the clear, and contracted 
toward the end, where it ma; be closed by a small plate, in the middle of 
which nu aperture is bored. This should be I to 1^ millimeters in diam- 
eter, and when a strong blast is required, may be as wide as 3 millimeters, 
fig. 25. When it is required to heat only 
Fig- 26- a small spot, a smaller nozzle, with an 

I aperture i to 1 millimeter wide, fig. 26, is 

.,>i^*^""^ necessary, and is stuck ou the larger one. 
^^Hfl|| Both should be hard soldered. [Nozzles 
I made of stout glass tnbe, drawn out fine at 
the end, answer very well, only they are liable 
to break, and most be frequently renewed. — 
Tram.'] The wind pipe may be of lead. It 
is couvenient, but not necessary, to have a 
stop-cock in the tube, by which the streugth 
of the blast can be regolated at pleasure. 

As the whole flame of an oil-lamp is never 
impelled before the blast, but a part always 
burns upward, Mohr leads the air first, by a 
bent capper tube, through this port of the 
flame, so as to blow hot air into the flame, 
and thus obtains a much higher heat. 

[23] Illuminating gas is the most con- 
venient combnstible for gloss blowing, as the 
flame msy be completely controlled by a stop- 
cock, never' smokes, and requires 
Fig^S. DO trimming. The only change 
necessary, is in the burner. A 
burner with an annular flame is 
best. Fig. 27 shows a vertical 
section of snch a burner, half the 
natural size, and fig. 28, a section Uirough the lines mn,op. It consists 
of two parts : a tube, a b, screwed at a into on outer tube which is connected 
with the gas pipe ; m n audo j7 are two disks to support the pipe a b, serra- 
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ted OD their edges, bo that the gas maj fiow oat nDifonnl; all around the 
bimier, as in the argaod bnraera. The outer tabe is enlarged at a, and fits 
tightly over the disks m n aad o p, ho that the gas can onlj pass throagh 
the openings. The space between the sides of the two tabes, at the mouth, 
need not be wider than from ^ to ^ of a millimeter. It shoald be made 
■tUI less at first, and enlarged b; grindiug the ends of the tnbes, nntil 
the opening is hti^e enough to deliver, under the diminished pressare in 
the daTtlme, as much gas as the air from the bellows can completelj barn, 
when the treadle is worked slowly. The flame is hottest when it bums 
bloe. The stop-cock serves to regulate the flow of gas. The bnmer is 
connected with the gas pipe by the screw-cap g, which i^lows it to be 
inclined to the table at any required angle. The most conTCuient direc- 
tion of the flame for most operators, is a little iaclined npward, bnt many 
Idow with a vertical flame. 

The wind is led through a lead pipe, npon which brass Fig. 29. 
noxzles of varions widths can be screwed, fig. 29. Wide . 
spertnres mast be ft-om 1 to 2 centimeters behind the 1 
apertnre for the gas, bnt the finer nozzles for small 
pointed flames should be pushed np nearly to the end of the tube a b. 

The burner rests not directly on the table, hut on a board about an 
inch thick, which projects over the edge of the table.* Figs. 30, 31, 
and 33 show the burner, and the connections in vlan; and fig. 33, the 
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Fig. 31. 




* [A 'TtTj neat and eooTenient blail-Ump, od tbia principle, ia made by Riicliie, 
of B«s(0B. Tbe tubea ilide upon a rod, od whioli thej can be Gied at an; height. 
Tbe bonier hu alio a horizoDtal and Terlical mation, aocl the air paaiiea through a 
bulb, in which tt nay b* heated by a spirit-lamp. The above lump la also made 
alter a modified paUcrn, so m to briog into service simnltBDeously an assemblage 
of >!».— TVoiu.] 
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whole blow-pipe t«ble, with the gas pipes. [If the connectJoiis be made 
with elastic tabiog, which is mach cheaper ttuu the joiots described, the 
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Fin. 34. 




table msj be moTod from its place. — ZVans.] The wind pipe goes flrom 
the middle board of the bellows to the block which Rapports the bomer, 
tnd the little lead tabes which cany the nozzles are inserted in this board. 

[24] Tbe Eolipile. — if one is not disposed to incar the expense 
of a regalar blast apparatas, the eolipile, shown in fig. 34, in half the 
natanl nze, wiQ aaswer many purposes, 
and can be made at small expense br an; 
ordinaij coppemnitb. It conusts of a 
cop with doable sides; the exterior cylin- 
der, which is cl<»ed air tight, is filled with 
weak spirits of wine, (40 to 50pereent,) 
throngb the opening a, which is closed 
with a cork; the inner cylinder is filled 
ap to the level of the jet with strong 
spirits. The latter is ignited, which 
causes the spirits within to boil violently, and tho vapor, escaping through 
the tnbe b, gives a very hot flame. The inner cylinder may be closed 1^ 
s tightly fitting cover. 

[35] The soldering lamp of the tinners is more convenient, because 
the parts can be separated and kept in better order, and the flame is 
horizontaL Fig. 35 represents one, ^ or ^ the natnral size. The sheet- 
iron cjlinder M N has an iron ring soldered to 
the bottom^ to maA the proper position of the 
Bpirit-lamp; neu the top is a row of small 
hides. On the top of the cylinder is set a 
strong cup made of hammered metal, which 
has an opening for spirits, closed by a screw or 
cork, and a bent tube. A slit is made in the 
back of -the cylinder for the reception of the 
tube, and a anffldent space left open in the 
front for the exit of the flame. The end of 
the tube, which baa an apertnre 1 millimeter 
wide, reaches nearly to the flame of the lamp, 
half way between the wick and the bottom of 
the cop h. This cap is shown in fig. 36. If 
the opening be closed with a cork, it will serve 
is a safty-valve. I have, however, never heard 
of the explodon of snch a lamp, thongh they are 
often in the bands of very careless workmen. 
The lamp is filled in the same way as the last. 

[Mj The only other apparatos neccBsary for glass blowing is a pair 
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of sharp scissors for trimming the wick, a three-cornered English file for 
catting glass tubes, a pair of flat pliers with narrow jaws, and some small 
iron rods. 

[27] The mode of catting off glass tubes and rods has already been 
described in § 17. 

[28] The glass should be in the form of tabes, and care should be 
taken to select such as are of uniform thickness, free from striae and 
warts. Glass containing lead should be rejected if possible, for though 
easily fused, it is apt to blacken from the reduction of the lead. The 
French soda glass is especially adapted to glass blowing, being easily 
fusible, and free from lead. Suitable glass may be obtained from almost 
any dealer in chemical apparatus. It may be observed in general, that 
all sorts of glass become, by continued heating, crystalline and less 
fusible. 

[29] The first requisite in glass blowing, is to obtain a good flame, and 
the experimenter may be assured that he can do nothing until this is 
accomplished. As this depends upon the morement of the nozzle, a 
hair's-breadth either way, it is, like the whole art of glass blowing, a 
matter only to be obtained by practice; but the following directions 
may serve as a guide. The wick should be raised, so as to give a 
flame 3 or 4 inches high, and separated with the scissors into two 
parts, so as to leave a passage for the air through the middle. It 
must then be trimmed perfectly flat, and all projecting, rugged threads 
carefully removed. The nozzle is inserted a little below the level of the 
wick, between the two parts ; it must project a short distance into the 
flame for a quiet, pointed flame, and be drawn back about a line, when a 
large roaring flame is required. 

[Having once obtained a good flame, the greatest care should be taken 
not to change, in the slightest degree, the relative position of the nozzle 
and the lamp. — Trans.'] The flame should be directed rather a little upward 
than downward ; it should bum with a faint blue light, deposit no soot, 
and be over two inches in length. When large objects are to be heated 
uniformly, a broad, roaring flame is required, which is obtained by placing 
the jet a little behind the wick. 

The glass must be perfectly free from moisture; breathing into the tubes 
before they are heated must therefore be carefully avoided. The condensed 
moisture, coming into contact with a highly heated spot, is sure to crack 
the glass. The glass should be held about f the length of the flame from 
the wick; large and thick pieces are apt to snap if suddenly heated; they 
should therefore be first warmed in the flame without blowing at all, and 
then very gradually heated where the soot is thickest During the heating. 
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the glass most be constantly tarned, that it may be heated on all sides 
alike ; some practice and care are necessary when the glass is held with 
both hands, to tnm both ends with equal rapidity, otherwise it will be 
twisted into a spiral form, as soon as it begins to soften. When the 
operation is finished, the glass must not be withdrawn from the flame too 
suddenly, else it is apt to crack, especially when it is of irregnlar thick- 
ness. [It is a good plan to allow it to become thickly covered with soot, 
which protects it from the cooling action of the air. — Trans,'] When two 
different kinds of glass have been fused together, the work generally 
cracks, in spite of all precaution ; it is therefore best to keep the differ- 
ent sorts separate. 

[30] Only those operations can be described here which occur frequently 
and are the basis of all others. The making of special apparatus, such as 
areometers, etc., should be left to the professional glass-blower. The 
following operations find place here : (a) widening and contracting the 
end of tubes ; (h) drawing out and thickening glass ; (c) sealing the ends 
of tabes; (d) bending tubes; (e) blowing bulbs; (/) joining tubes. 
Some special operations will be mentioned in their proper places. 

(a) Glass tnbes, when cut off, have a sharp edge, which is apt to cut 
the finger, and is easily broken. The extreme end is therefore heated 
with a pointed fiame, till the edge fhses round, by which also the opening 
is apt to contract a little, which is an advantage when the tube is to be 
passed through a cork. This operation can be performed on thin tubes, 
over the flame of the spirit-lamp, with the mouth blow-pipe. If the 
size of the opening is required to remain unchanged, or to be enlarged, it 
mnst be strongly heated while turning rapidly, and flared outward with an 
iron rod, while still in the flame ; it is then allowed to shrink again to the 
required size, turning rapidly all the while. 

(6) Braunng oui, narrowing^ and thickening glass tubes. Glass tubes 
are drawn out thin, by holding them horizontally with both hands, and 
heaUng a considerable breadth while turning rapidly ; the glass is then 
removed from the flame, and drawn out suddenly. 

When the glass is very thin, it should be exposed to a very high heat, 
and allowed to shrink, by which the bore becomes smaller, and the glass 
thicker ; it may then be drawn out to a fine point, and still be tolerably 
strong. To thicken the glass at any one spot, without diminishing the 
bore of the tube, the two ends must be gently pressed together while the 
glass is soft, and the tube blown out to its original size. This requires a 
high heat, and the tube must be turned constantly. 

(c) To close the end of a tube, it is heated, and the sides pressed 
together with a glass rod; the rod is then heated also, and stuck to the 
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eod of the tube, uid the excess of glass drawn out in the flame to a fioe 
thread. It maj be necesaarj to repeat this two or three times, before the 
excess of glass is remored. The end is then blown out round, before the 
glass is thickened too mnch, and then reheated to thicken it, and blown 
oat to the proper siu. [A knob of thickened glass, once formed on the 
end of the tube, can only be removed bj drawing it off with a gloss rod. — 
Tram.'] When the tube is to be cat off and then closed, draw it ont to a 
point at the proper place, and treat it as jnst described. Capillary tabes 
can be closed by simply heating the end. 

(d) Sending tubes is an operation of constant occurrence. Thin tabes 
may be bent in the flame of a spirit-lamp. A well-bent ti^e mast have 
both limbs in the sune plane, and be neither wrinkled on the coacave, nor 
flattened on the convex side. This is best avoided by bending the tnbein 
a gradaal carve, instead of a sharp angle. The inside of the cnrve should 
he kept hottest Any flattened places may be blown out again. To bend 
large tabes, fill them with sand, and heat them over a charcoal fire. 

(e) Blowing bulbs. Before blowing a balb on the end of a tube, the 
glass most be thickened at the spot It is easier to do this before the tnbe 
is cut off, and with wide tabes it must always be done first : the tnbe is 
then drawn out, and the end closed. The glass must be removed IVom the 
flame before pressing the ends together to thicken it, because this cannot 
be done while taming the tnbe, and if it were held still, it would be heated 
nneqnally. If the glass be too highly heated, it is apt to wrinkle ; it is ■ 
therefore better to repeat the operation several times, having thickened 
the glass for a short distance, to go over it again and again, until a pear- 
shaped occnmnlation of glass is formed. A good balb can never be blown 

on glass which is once wrinkled, as seen in fig. ST. Narrow 
Fig. 37. tnbes may be closed by simply heating them highly, and 
blowing gently into them from time to time, to prevent their 
closing up too far from the end. Tery narrow tabes are 
sometimes closed at both ends, and warmed slighUy through- 
out their whole length, that the expansion of the inclosed 
J air may keep them fh)m closing during the process of thtck- 
'f ening. 

When the glass is thick enough, bring it to a white heat 
while turning rapidly ; then take the end in the mouth, hold 
the tube downward and blow gently into it, continuing the 
rotation. In this way the moss of glass will be more uniformly distributed. 
Heat the gloss agun and blow it oat to the required size, gently at first, 
and with more force as the glass cools. If the operator blows too forci- 
bly at first, the bulb is apt to swell out so large as to become very thin, 
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Fig. 38. 




and bnnt The film of glass formed in this way often exhibits Newton's 
rings beantifally. This precaotion will probably be superflaons in the 
beginning, for the learner will not obUun heat enough to blow the bnlb 
eTen to Uie required size. 

To blow the large bulbs mentioned in the experiments with the air- 
pump, [see fig. 167,] take a tube 1^ to 3 lines in diameter, and, after 
thickening, draw it out at both ends, as in fig. 38. Then close one end 
and blow out the bulb very thin. After cooling, hold one side 
in the flame to flatten it, and then draw out the tube very fine 
dose to the bulb, and cut it off. When the bulb is quite cool, 
introduce this point into the pointed flame, and seal it quickly 
without wanning the bulb, so as to expand the inclosed air. 
Glass bombs are managed in the same way, except that they 
are left round, and after cutting them off, they are held in a 
pair of tongs made of thin wire, fig. 39, heated pretty highly, 
but not enough to soften the glass, 
and the fine point then sealed. ^9- ^^• 

For bulbs with a hook, such as 
are va»fi in experiments on specific 
griTity, [see fig. 140,] the glass 
must be made thicker, to give them 
strength. The neck between the 

bulb and the tube must not be drawn out at once, but first be 
allowed to shrink and thicken, as it is to form the hook. After 
the neck is cut off, it is heated and bent into a hook, with an 
iron rod or a pair of small pliers. 

(/) To join two tiibes, the ends of both must be made of the same 
size by widening the narrow one, or contracting the wider. Their edges 
must be even, and fit together well Hold the edges together, as shown 
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in fig. 40, and heat them with a 
pointed flame. When they are 
united all around, heat the joint 
highly and blow gently in at one 
end to swell out the joint a little. 
Then heat it again until the swelling sinks in ; blow it out again, and 
repeat this process until the joint is smooth, and both pieces well fused 
into each other. Contract it finally to the proper size, and draw it out, 
or thicken it if necessary. Without this repeated heating and blowing 
out, the tubes are apt to crack at the joint upon cooling. 
Xg) Opening biUb8 and tiJ)e8. It is often necessary to make an open 
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Fig. 41. 




ing In the side of a bnlb or tube, as in fig. 41. To effect this, heat 
a thermometer tube and stick it to the glass, then heat the spot moder- 
ately and draw it ont to a point Break off this point and round the 

edges with a pointed flame. Kegnlate the 
size of the opening with an iron rod, and 
strengthen the edge, if necessary, by laying a 
thread of glass around it. This may be done 
by making a slender pointed rod red hot, 
attaching the point to the edge of the glass, 
heating the part next the point, and gradaally 
drawing it ont to a thread, which is laid aronnd 
the edge. It may afterwards be more thoroughly 
united with the edge. Instead of drawing out 
the bulb with a rod, the spot may be heated 
with a pointed flame, and a small knob blown 
out upon it; repeat this several times, and at 
length blow it out so suddenly as to burst it 
If the bulb or tube is to have only a fine opening in the side, the spot 
may be heated with the pointed flame, and burst at once, and the opening 
subsequently modified by heating it If merely an opening is needed, 
without an elevated margin, the hole may be bored as described in § 15, 
or with a diamond, if the glass be thick enough. 

[31] Cuttillg glass with a diamond requires only a little practice 
in judging at what distance from the rule the crack will be made, which 
depends on the setting of the diamond. A clean cut is accompanied 
by no scratching noise, and makes no glass dust. 

[32] Etching glass. — The experimenter has frequent occasion to 
etch scales, etc. on glass. They cannot be done neatly with a diamond, 
and the glass is, moreover, apt to break at the scratch. Glass is prepared 
for etching by being cleaned with lye, and then with pure water, and 
dried with a linen cloth. It is then covered with a thin coat of wax, 
melted and applied to the heated tube with a feather. Especial care 
must be ti^en to leave no part uncovered. The varnish used by the 
copper-plate engravers is a better coating. It is made of 2 parts white 
wax, 1 part mastic, ^ part asphaltum, and ^ part turpentine, kept melted 
for about half an hour, in a clean earthen pot, to allow the impurities to 
subside, and the upper part then poured into water. A ball of the com- 
position, as large as an ^g^^ is wrapped in a silk rag, and the heated tube 
rubbed with it When the varnish is cold, the scale is scratched through it 
with a steel needle. The graduation may be effected on a graduating 
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machine, or, in the absence of this, the operator may make a scale on a 
strip of paper, pasted on wood. With a stick, 2 to 3 feet long, he then 
makes a sort of dividers, by driving two needles through the opposite 
ends, fastens the scale and the glass to be graduated at a suitable distance 
from each other in a straight line, and, setting the point of one needle on 
one of the divisions, scratches through the varnish with the other needle ; 
and 80 proceeds from one division to another, taking care to lay bare the 
glass at every stroke. The figures are easily added. Powdered fluor- 
spar is then laid in a leaden trough of proper length, and moistened with 
an equal weight of oil of vitriol. The graduated glass is laid immediately 
on it» or suspended at a distance of about 3 inches above it The vapors 
are confined by paper laid over the apparatus. The apparatus must be 
placed under a chimney with a good draught, so that the vapors may be 
carried away from the operator, for they are very injurious. Although 
the gas will be evolved at the ordinary temperature of the air, it takes 
place very slowly ; it is therefore better to warm the trough gently. The 
scale is allowed to remain in the white vapors until the glistening divisions 
appear dull, (about three minutes,) after which the coating is removed by 
warming the glass, and wiping it with paper and a little spirits of tur- 
pentine. 



CHAPTER III. 

WORKING IN METALS. 

[33] Copper and brass. — These metals need special treatment 
only when they are required to be very soft or very hard. In the first 
case, they have only to be heated to redness. Cooling them in water, 
instead of hardening them as it does steel, only makes them softer ; it 
loosens the scale of oxyde moreover, especially from copper, and gives a 
bright metallic surface. 

These metals are hardened by hammering, and very good springs may 
be made of them in this way. Wire may be hardened by drawing it a few 
times through the drawing-plate. The experimenter will have so frequent 
occasion to draw wire for various purposes, that it will be advisable to 
obtain such a plate. 

[34] Drawing wire. — The process of drawing wire is very simple. 
The drawing-plate is held in the vice between plates of copper, and about 
an inch of the end of the wire is filed small enough to pass through the 
next smaller hole. The wire is greased, and the projecting end seized 
with the pliers and drawn slowly through. After passing through several 
holes, the wire becomes hard, and must be annealed before drawing it 
finer. 

[35] Iron and SteeL — Steel is, like glass, a more or less elastic 
body according to its treatment. To make steel as hard as glass, heat it 
to bright redness if it be German steel, and plunge it suddenly into very 
cold water : cast-steel should be heated only to a cherry red, and suddenly 
cooled. The scale of magnetic oxyde which forms in this process ought 
to drop off and leave the metal bright; but the steel may still be hard, 
even if this does not take place. Long pieces of steel are apt to warp 
in this process, and must be ground afterwards, to bring them to proper 
shape. The surest, though not an infallible, means to prevent warping, 
is to immerse the piece suddenly, with its longest dimension perpen- 
dicular to the water. It is difficult to harden large, and especially long 
pieces, because it requires a very large fire to heat them uniformly through- 
out Thick pieces are apt to crack or break off in hardening. This is 
best obviated by plunging them in water at 133^ F., which makes them 
hard enough. 
(44) 
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It is seldom necessary to make steel as hard as glass, so as to be brittle, 

bat it is not in oar power to temper it properly at once. The metnl 

baths which are prescribed for this pnrpose may certainly be dispensed 

with. On the other hand, however, steel which has been made very 

hard may easily be softened to any required degree, by cleaning its 

sor&ce, and heating it until it assumes successively yellow, purple, blue, 

and gray tints. Care mast bo taken to heat it uniformly ; pieces which 

are to be made equally hard throughout must, therefore, not be held in 

the toDgs, bat heated on a tray. Tools of all kinds, for cutting metal, 

riioold only be allowed to become yellow; instruments for cutting wood, 

which have a thin edge, purple red ; springs which have not much motion, 

blue; very large springs, gray. Springs which are required to have 

mach motion, are burnt with grease, i.e. they are rubbed with grease, and 

heated antil it bums, after which they are, like all the rest, plunged into 

cold water. 
Drills, turning chisels, etc. are less liable to break when hardened only 

near the edge. When the tool is so shaped that it cannot be ground, 

the edge should be cooled first, and the heat allowed to dififuse itself from 

the other part until the edge has the right temper ; the whole tool is then 

plunged into water. 

Cast-steel loses its value when heated beyond a bright cherry red, and 
cannot be frequently exposed, even to a much lower temperature, without 
injoiy. Steel which has been spoiled in this way may be regenerated by 
heating it to dark redness, and cooling it in a mixture of turpentine, 
taHow, and fish oil, melted together. Repeated cooling in boiling water 
ii said to have the same effect: thick pieces must always be treated 
repeatedly. Steel regenerated in this way is hardened as usual. 

Steel and iron have often to be made very soft, which is done by heat- 
ing and allowing them to cool slowly under a covering of charcoal 
Iron may be coated with clay, and heated. It becomes extremely soft by 
being heated in any vessel, under a cover of hammer scales. 

[36] Tool xnaking. — Making tools is certainly not the business 
either of the teacher or of the amateur, and it is always better to buy 
neh things, if possible, than to make them. But among the most indis- 
pensable tools are some which it is often impossible to obtain, and the 
experimenter must therefore make them himself, or send frequently to 
tiie cutler, and often take to him large pieces of apparatus. Some 
general directions for their manufacture will therefore be in place here. 

[37] ScrOW tools. — A plate for cutting screws has already been 
mentioned in § 5, as one of the most necessary tools. Some taps for 
cutting internal screws generally accompany it, but they are usually too 
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short, and of little use. It is therefore better to make at once a namber 
of taps to suit the thread of the platp. The small end of each should 
be a little less in size than the large end of the next smaller one. The 
taps ought not to be too tapering ; they work better and are not so apt 
to break off when nearly of the same thickness throughout The internal 
screws can also be cut more cylindrical. Slender taps should not be made 
too long ; six times the diameter is a good length, and in this distance 
the diameter should increase by the depth of a thread. It is common to 
make the first third more tapering than the rest. At the thicker end the 
thread is cut away and the head made square, to afford a better hold for 
the hand-vice. 

When the thread of the tap is nearly cut, remove the roughness with a 
smooth file, and then finish cutting the thread. File away the thread on 
four sides, except near the point, to give the tap a better hold at the 
start. Temper them straw yellow, and blue the head separately. 

To cut an internal screw clean to the bottom, when it does not go 
through the nut, requires a cylindrical tap with few turns. Fig. 42 shows 
a common screw tap. 

Fig. 42. 




After a screw-plate is bought, the first thing done with it should be to 
make taps designed to cut new dies when the old ones arc worn out, and 
used for no other purpose. These taps ought, properly, to exceed in 
thickness the screws cut by the plate by twice the depth of a thread, but 
this is not rigidly adhered to, for the proportion between the diameter of 
a screw and the depth and thickness of the thread may vary within wide 
limits, without rendering the screw useless. A screw is, however, gen- 
erally useless when the depth of the thread is not at least equal to its 
thickness, and when the ratio of the external diameter to the internal is 

less than ^ 2 : 1 ; for in this case the thread cannot be filed 
Fig. 43. away on four sides of the tap, and consequently it cannot be 
used. In this case, the depth of the thread is about ^ of the 
diameter of the screw, and, except in special cases, it is not 
safe to go under ^, where the screw has any considerable strain 
to bear. On large machines, screws will be found where the ratio is \ of 
the external diameter; for such cases, the threads of the tap must be cut 
off, as shown in figs. 43 and 44. 
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The reserre taps are made cylindrical, and the threads are not filed 
away at the sides, bnt fonr spiral grooves are cut in them, as seen in fig. 

J^'^. 44. 




45. They are tamed off on two points, so that they can be pat in the 

lathe again. Fig. 45. 

V, 




This standard or reserve tap serves to make two other screw tools, 
which it is easy to bay; bat it is very convenient to have them with the 
same thread as the plate. These are the chasers, one for catting external, 
and the other for internal screws. Figs. 46 and 4*7 show a pair of these 
tools, which are easily made, 

if the reserve taps can be ^9* 46. Fig, 47. 

nsed for catting them on the 
lathe. Soch tools are very 
convenient, because with 
tiiem, tiireads can be cut 
rapidly, without removing the 
work from the lathe, and with- 
out regard to the thickness 
of the cylinder. The neces- 
nry skill is easily acquired, 
even with a lathe not far- 
nkhed with guides, if the pre- 
caution is taken to use a steel 
support instead of one mounted with wood, which is otherwise better for 
taming metals. 

[38] Cutting external and internal Screws is a simple 

operation. For the former, care must be taken to give the cylinder barely 
the required diameter, for the screw enlarges a little, and to hold the plate 
at right angles to the axis of the cylinder. If this be a little thicker 
than the hole in the plate, it does no great harm. The plate must be 
toraed slowly at first, and pressed on steadily until one turn is com- 
pleted, else it may cut a false thread. The internal screws must be bored 
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OQt far enough to admit 3 or 4 turns of the tap, which is then screwed 
into the hole with a moderate pressure. In both cases, it is necessary to 
diminish the friction in the part of the screw already formed by turning 
backward and forward. In cutting the external screw, care is necessary 
not to twist too forcibly, else a slender serew might be twisted ofL In 
forming the internal screw^ it is necessary to bore at last from the oppo- 
site side in order to insure uniformity in the thread ; but this is not neces- 
sary if the thread is turned off for a sufficient distance from the top of 
the tap and the nut is not too thick. 

In cutting screws on iron and copper, oil must be plentifully employed. 
Brass is cut dry. 
Screws with broad brass beads are often needed. -iPor tbe heads of 

these, a square piece may be cut out of a brass plate 
^9' ^^' and filed round, or a disk cut off from a cylinder. The 

head is then pierced, and the shank turned or filed 
down so as to fit tightly in the hole, driven in with 

a hammer and soldered with 
Fig,i9. Fig.bO, Fig, 51. tin. The portion [a, fig. 

^ /*■"/'• ^ ^^^ projecting beyond the 

head serves to fix it in the 
lathe, or as a hold for the vice 
in cutting the screw ; it is at 
last filed off, and the head 
y^ Jf either finished with a file or 

on the lathe. The heads are 
generally milled, which is done 
with a milling tool. 

[39] Metal drills are 

made of cast-steel, which can 
be bought of any size. The 
smaller ones are made of 
round steel, and hammered 
broad at the end. The edge 
runs out to a point, so as to 
be set exactly on any desired 
spot The other end is squared 
to fit into the handle or the 
chuck of the lathe. Fig. 49 
shows a drill, with about the 
proper slope for the edge. 
The smaller drills, for holes 
of 1 millimeter and under, 
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an not naed In the lathe, bat set in a handle, sach as is shown in 
Gg. 60, and tamed hy meaoB of a whalebone bow, fig. 51, the cord of 
which makes one tnm aronnd the wheel a. The point 6 is set in a depres* 
■ion in the vice, the jnece to be bored pressed agaiost the drill with the 
left hand, and the bow moved np and down without pressnre. The hand 
must be protected from being wounded, by a piece of wood held opposite 
the point of the drill. Thir makes the edge of the hole smoother than 
when the drill is allowed to break throngh. Lai^e drills are made of 
ronod or sqnare steel hammered broad at the end. The edge Is beveled 
in opposite directions on each side of the center, as seen in fig. 69, so as 
Fig. 52. Fig. 53. 



» 




to hare tn obliqne edge instead of a point The hole most be started for 
them with a conical drill Drills of still larger site are nsnallf made in 
•hape of fig. 53. The edge is straight, and has a short, 
■qnare point In the middle. Snch drills are ased chiefly -^- ^^■ 
for boring shallow holes. 

In boring on the lathe, the drill may either be fixed 
to the chnck, and the object to be bored pressed against 
it, or the converse. The latter makes rounder and more 
accurate holes. Cast-iron and brass are nsually bored 
dry; copper moistened with oil. 

For deep holes, the so-called cannon drills are pre- 
fcrablo to all others. They are made by hammering ont 
of a piece of ronnd steel a shank of snfficient length, 
toming the rest of the cylinder accurately on a lathe, 
ud then filing away one-half of it, and sharpening the 
end, aa shown in fig. 64. The point ia not made in the middle of the edge. 
4 
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Fig, 56. 




Fig, 66. 




Larger drills are forged half roand, and then tamed. These drills cat 
very clean and straight, bat can onlj be nsed on the lathe with the piece 
to be bored revolying. The point not being in the middle, it is necessary 
to start the hole, as seen in fig. 65, so that the drill fits into it accnrately 

and the point does not cat at first For drills less than a 
line wide, this is not necessary, and the very small ones to 
be nsed by hand are shaped approximately with a file. 

The Reamer, fig. 66, is an almost indispensable in- 
strament. Its conical head is cat into concentric grooves, 
and the sqaare end most fit into the lathe and the drill 
handle. 

[40] Other tools are easily made when needed. The 
center drill is a nsefal tool; it is a cylinder of steel 3 
inches long and ^ inch thick, sharpened to a point at an 
angle of 60^. It is nsed for marking the point where a 
hole is to be bored, and making a cavity in the ends of 
pieces to be tamed, by which they are set in the lathe. 
Turning tools for metal are easy to make. One end of a 
piece of cast-steel is tapered, to set it into a wooden 
handle, and the other filed to the desired shape. Chisels for tam- 
ing brass are made with an obtuse 
edge, s, fig. 67 ; while such as are 
intended to be used for iron, have a 
sharper edge, fashioned like s, fig. 68. 
[41] Soldering. — We distinguish haurd and soft solder; to the lat- 
ter belong the metals used for soldering which fuse below a red heat, 
such as tia, tinner's solder, (tin and lead in varying proportions,) and the 
same with the addition of bismuth. Hard solder includes silver solder, 
(silver alloyed with brass,) which may be had of various degrees of fusi- 
bility from the silversmith, silver coin, (9 silver to 1 copper,) and various 
fusible alloys of zinc and copper, and lastly copper itself. The last can 
only be used for soldering iron. 

All Joints which are to be soldered, 
must fit as smoothly as possible, and 
both surfaces be scraped clean ; they 
must also be held in close contact, 
either by wrapping them with fine 
binding wire, or holding them with a pair of forceps made of strong wire, 
fig. 59. 

If a piece is to be soldered several times, making it necessary to heat 
the old solder again, a softer solder must be used each time. 



Fig.bl. 



Fig.bB. 




Fig, 59. 
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[4S] Soft Soldering. — A sokleriDg iron u used for soft soldering. 
For our parposes, a tolerably thick, pointed iron set in a wooden handle 
is sufBcient. It is nsed in soldering pieces which are too large to be 
heated entirely, or in any case where only local heat is required. The 
iron should be tinned before it is used. This is done by moistening it 
with the soldering fluid, heating it until a piece of tin melts on it and 
wiping it off with paper. In using the iron, it must be made very hot, 
wiped clean, and a little solder taken up on the point of it The joint 
must be strewn with a little powdered rosin. 

Soldering without the iron, by heating the whole metal, is a very sim- 
ple operation. The joint is moistened with the soldering fluid, and 
heated with a gas or spirit flame, until the solder laid on it melts. The 
solder draws quickly into the joint and spreads through it The excess, 
if any, is scraped away. Any soldering fluid remaining must be wiped 
off with a wet cloth, otherwise it will oxydize the metal. 

The best soldering fluid is a solution of sal ammoniac, or a mixture of 
chlorides of zinc and ammonium made by dissolving 32 parts of zinc in 
the necessary quantity of muriatic acid, adding 22 parts of sal ammoniac, 
and eraporating the solution to dryness. The salt is dissolved in water, 
and filtered. With this fluid it is hardly necessary to clean the surfaces 
to be soldered. 

In soldering brass and copper, the solder flows through as soon as it 
melts, and the color of the metal shows when this heat is attained. Iron 
requires to be heated higher before the solder will adhere. When objects 
are to be soldered, therefore, which will not bear a high heat, the iron 
must first be Unned separately in the way described for the soldering iron. 

[48] For hard soldering small articles, silver solder or silver 
eoin is best The latter is hammered to a thin plate and cut into pieces 
^ inch broad and ^ inch long. The cost is inconsiderable ; a quarter of 
a dollar goes a long way; and metals soldered with silver can be ham- 
mered and bent without the joint breaking, which is not always the case 
with brass solder. 

When the joints are well fitted together, cleaned, and fastened, they 
mn moistened with water, some borax strewn over them, the bits of solder 
laid on the joint and more borax sprinkled over them, or the bits of solder 
are mixed up in a paste with borax and a little water and applied so. 
The metal is heated slowly until the borax ceases to puff up, taking care 
that the silver remains in its place. It is often difficult to retain the silver 
on small articles, when ordinary borax is used ; in this case, powered cal- 
cined borax is nsed without water. 

According to the size of the object, the flame of a spirit-lamp is either 
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Fig. 60. 



directed immediately upon it with a blow-pipe, or it is laid on a piece of 
charcoal, snrroanded on three sides with coal and covered with another 

piece. The flame of the lamp is then directed 
upon it until the solder melts and adheres, 
after which the article, if it contain no iron, is 
immediately cooled in water. Practice in the 
nse of the blow-pipe is of coarse indispensable. 
A gas blast-lamp is very convenient for sol- 
dering. A burner is nsed for this purpose like 
the one described for glass blowing, but smaller ; 
it is shown of natural size in figs. 60 and 61. 
The opening for the escape of the gas must 
only be a fine slit. The burner is connected 
with any gas pipe by means of a flexible hose. 
The air pipe is stuck tightly into the burner, 
and reaches to the mouth of it 




Fig.^l. 




With this burner, sufficient heat 
may be obtained to fuse a bead on 
copper wire 1 to 1^ millimeters 
thick, without the aid of charcoal ; 
or the flame may be reduced to a 
mere point, and made to bear on 
the smallest spot The objects to 
be heated may be laid on the work- 
bench, and the flame brought to 
bear on them in any direction. 

When a greater heat is required 
than can be obtained in this way, 
the articles to be heated must be 
laid on well ignited coals in the 
forge or a charcoal furnace. The 
joint to be soldered must always 
remain visible. Use the blast of 
the forge gently, and fan the coals 
briskly. Large articles are usually 
brazed. In soldering brass, care 
must be taken that the metal itself 
does not partially fuse. This is not 
so much to be feared in the case of 
copper and iron. 



CHAPTER IV. 

VARIOUS OTHSR OPERATIONS. 

[44] Qlning. — Common gloe only adheres to fresh surfaces, which 
hftTe not been glued before. 

Isinglass cement is worthy of special notice, being suitable for cement- 
ing glass, and for all other purposes where a strong cement is required. 
It is prepared by cutting Russian isinglass to shreds, and soaking 4 to 8 
parts of isinglass in 100 parts of water, for 24 hours. The water is then 
gently boiled for half an hour, being filled up as it evaporates. It is 
filtered hot When more is prepared than is used, the thickened mass 
may be dried on paper, and boiled as before, when needed for use. 

The teacher has, frequently, in preparing diagrams, etc., to paint upon 
paper which is almost always water spotted. This difficulty may be 
remedied by sizing the paper with thin glue-water, containing a little 
ahim. A solution of 2 parts of isinglass (or 4 parts of the so-called 
gelatioe) and 4 parts of alum, in 100 parts of water, is sufficiently 
thick. Stretch the paper, and apply the size with a brush or a small 
sponge. The surface should not appear glossy after the size is dry. 

[45 j 06II16(]ltillg« — Cementing with sealing-wax or shellac is a 
eommon operation. The former is preferable, when the color is not 
objectionable, as being less brittle than pure shellac. The pieces to 
be cemented must be warmed so that the cement will melt upon them. 
Wkeo both parts are sufficiently coated, they are warmed again to make 
the wax eohere. If they are put together when very hot, a crack may be 
bj their unequal expansion. This precaution is not always 
r, but should never be omitted when glass tubes are to be 
eemeotad into close-fitting metal sockets. The pieces must, of course, 
be held in place until the cement hardens, which may, without injury, be 
hastened by the application of water. Any excess of cement is after- 
wards removed with a knife. The closer the pieces fit together, and the 
less cement there is between the joint, the stronger it will be. 

It is often necessary to cement metallic articles to a wooden chuck, to 
fix them in the lathe. Common sealing-wax is used for this purpose, and 
dropped, burning, on the wood. The article is easily centered while the 
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wax is still warm. It is well to be cautions in turning, to avoid heating 
the metal so as to make it necessary to cement it afresh. 

To fasten cloth to metal, it is soaked in a dilute solution of galls, 
squeezed out, and pressed, still moist, upon the warm metal, which has 
been coated with glue. 

The joints of gas and steam apparatus, held together bj screws, must 
often be made steam tight The machinist's red-lead cement is the best 
for this purpose. It is made by incorporating red-lead and litharge 
thoroughly, with linseed oil, until they form a soft plastic mass. It 
should be kept under water. This cement is readily obtained from the 
machine-shops or gas-fitter's. Putty answers the same purpose, if too 
much chalk is not used in it, instead of white-lead. If the parts are not 
to be very highly heated, a cement made of melted caoutchouc and red- 
lead or white-lead is very serviceable. Parts which are not to be heated 
may be made close by laying strips of vulcanized rubber between them. 

[46] Vamisllillg* — Physical apparatus should generally be var- 
nished, both for its better preservation and for ornament Yamish must, 
however, not be applied to everything, especially not to parts which are 
to be frequently handled. The varnish is soon rubbed off from such places, 
and they look worse than if they had been kept clean, without varnishing. 

Making the varnish. — Take 1 part of finely-broken shellac to 4 parts 
of strong alcohol (85 to 95 per cent) and let it stand in a warm place, 
shaking it often, until the solution is complete, which will require about 
24 hours. The addition of | to j\j part of mastic renders the varnish 
less brittle. This addition is more necessary to bleached than to crude 
shellac. It is well to take a little more resin, to make the varnish as 
thick as possible. 

To filter the varnish, which is often necessary, let it stand quietly, in a 
warm place, until the insoluble and slimy matters have subsided, then 
pour off the clear liquid, and filter the rest, hot, through coarse filter 
paper. The slimy mass filters very slowly, and must be covered with 
a glass plate, to retain the heat. The varnish should be kept in a wide- 
mouthed bottle, with the brush stuck through the cork, or else the brush 
must be washed out with alcohol after using it A broad camels'-hair 
brush is used for applying the varnish, or a piece of fine sponge fastened 
in a tin holder, like a brush, and cut off so as to project only a few b'nes 
beyond the tin. 

Colored shellac varnish, especially a reddish sort called gold varnish, 
is needed for some purposes. The coloring resins may be dissolved at 
once with the shellac, but, to avoid having so many varnish pots standing 
about, it is better to dissolve and filter the coloring matters separately. 
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mud mix them wHh the Tamish us required. For our parposes, a solation 
of gamboge and another of dragon's blood are all that are needed. 

To make yamish of 8ealing*waz, it is only necessary to lay an excess 
of sealing-wax in alcohol, and, before nsing it, to shake it up. Bad sealing- 
wax makes bad yamish, and good wax is expensive ; it is therefore better 
to add Termilion directly to a solation of shellac, with a good deal of 
mastic. It is well to add also some carbonate of magnesia, which does 
not iigore the color mnch, and gives the varnish more body. 

Black varnish is also needed sometimes ; this is easily made by mixing 
fine lampblack with a solation of shellac. A solation of 1 part asphal- 
tnm, in 3 parts spirits of tnrpentine, famishes a good black coating, 
especially for objects which are to be heated. The tinners varnish stove- 
pipes with this, bat they add linseed oil and red-lead to it. 

Varnishing metals. — ^In vamishing metals, the varnish mast either be 
applied immediately after taming or filing, or else they most be polished 
with pamice-stone and water, and then with emery and oil, taking care to 
make all the streaks parallel. This makes neater work; bat after polish- 
ing, the articles mast be washed with soapsads, and wiped with a clean 
linen cloth. The articles to be vamished shoald never be toached with 
the bare hand, before applying the varnish. All metals shoald be heated 
over a coal fire, or on a heated sheet of iron, antil the hand can hardly 
be borne upon them, and the vambh then applied. 

The brash shoald be dipped into the varnish, not too deeply, and the 
strokes kept parallel to the streaks of the metal ; if the streak is made on 
the lathe, the varnish mast also be applied on the lathe. In varnishing 
large articles, pressure on the brash mast always be increased somewhat, 
toward the end of the stroke, in order to apply the varnish evenly. The 
{Heees mast not be toached before they are quite cold. Several coats of 
didlac varnish may be applied, cold, to metals, bat the varnish does not 
atUun tbe same hardness or luster, and it is therefore applied so only 
when it is desirable to have a very thick coat of vamish, as, e.g., on 
electrical machines, or where the object cannot be warmed again. 

Iron is seldom varnished, and only with bleached shellac ; unbleached 
shellac may be used for brass and copper ; it gives the brass a darker 
color ; but bleached, with the addition of the coloring matters mentioned, 
is preferable. For white metals, such as lead, either bleached shellac is 
used, or unbleached, with the addition of resins to give it a gold color. 

The same vamish is used for wood, but it is applied oftener and in 
thinner coats. When elegance is not an object, but only protection 
against moisture, or good insulation, unfiltered solution of shellac may 
be employed. A second coat must not be applied before the first is dry. 



66 PHTBIGAL MANIPULATION. 

It sayes the Tarnbh, to coat the wood first with thin glae. To make 
the varnish look well, the wood mast be rnbbed, after the first coat, with 
fine emery paper. When the Tarnish has been laid on thickly, it may be 
nibbed with Tripoli on a woolen rag, and polished with linen and ofl. 
The excess of oil mast be removed by strewing the snr&ce with meal 
and wiping it with a clean linen cloth. 

White wood may be stained nnt brown by a dilate solution of asphal- 
tarn : the addition of dragon's blood gives a mahogany color. Staining 
with nitric acid does not answer for physical purposes. 

Paper is varnished in the same way as wood, bat the paper must first 
be sized, to prevent the varnish from sinking in and staining it 

Glass is varnished warm, when only a single transparent coat is required ; 
but when several coats are needed, they must be applied cold. 

[47] Cork. — Good soft corks are necessary for various purposes, and 
nothing is more difficult to obtain. By picking over several bales of fine 
corks, a few really good ones may be found. Champagne corks, which 
have not been pierced with the corkscrew, are serviceable for many 
purposes. 

To fit a cork well into an opening, it should first be cut nearly to the 
size with a sharp knife, aud then finished with a file. 

Cork'borers. — A cheap, but not very durable, cork-borer is made of a 

tin tube about 3 inches long, thrust through a large tube, for a handle, 

fig. 62. The size of the tubes is so graduated as to fit into each 

Fig. 62. Fig. 63. other in sets of 8 or 10, as 

shown in fig. 63. The lower 
edges are filed sharp. The 
piece of cork cut out remains 
in the cylinder, and is pushed 
out by the next smaller one. 
A better style of cork-borers 
is made of similar tubes of 
brass, fitting into each other, 
but they are more expensive. 
In order to make a quite 
smooth, clean hole in a cork, it is better to take a cylinder smaller than 
the hole required, and enlarge it with a fine rat-tail file. An assortment 
of these should be kept in the drawer with the corks, and used for no 
other purpose. 

Thin slips of cork may be used as washers, to make an air-tight joint 
Supports of all kinds may be made with corks and glass rods, stuck on 
inverted funnels. 
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[48] Indiaprubber. — ^Tobes of yalcanized rabber are almost always 
to be had now, bat in case of necessity they may easily be made from sheet 
robber. For this purpose a strip is cat of the proper width, folded aroand 
a corresponding cylinder, and the fresh edges pressed together and rnbbed 
a few times with the finger-nail. It may sometimes be necessary to warm 
them slightly. Care mast be taken not to touch the fresh surfaces with 
the fingers. The cylinder is then withdrawn, and the seam more firmly 
united by pressure between the fingers. The tube may be strengthened 
by laying another thickness of india-rubber around it, with the seam on 
the opposite side. Such tubes must be tied around the glass tubes, to be 
united. Two tubes may be united by laying around the joint a strip of 
india-rubber, about an inch wide, warmed, and bound fast with silk ; the 
folds stick together of themselves. 



PART SECOND. 

PHT6ICAL EXPERIMENTATION. 



CHAPTER I. 

SXFEBDfSNTB ON THE SQUHIBBIITM OV FOBOSS. 

(a.) SOLIDS. 

[49] Gtoneral remarks. — in experiments on this subject, it is 
necessary to have a number of weights with hooks, and of a unit not 
too small, so that any quantity f]*om 1 to 100 may be expressed in terms 
of this unit Any one can readily make sach weights of lead, by 
casting this metal into paper tubes, and cutting off proportional 
lengths. The handles may be made of small brass rings, with iron screws 
to them, which maj be had at any hardware-store : the final adjustment 
of the different weights may be made by means of a knife and coarse file. 
If brass be preferred as the material, it would perhaps be better to pur- 
chase the weights ready made. Copper coins are also very convenient for 
the purpose, as they are easily combined in any desired number. They 
may be held together by a string or wire passed through a hole in the 
center, or by being inclosed in a wire frame or a small tin box. Small 
metal boxes filled with shot may also be employed. In all cases, the 
quantity should be stamped on each weight, in terms of the assumed unit. 

Besides the weights, several scale-pans, whose weight is accurately 
determined and marked on them, will be found very convenient Their 
weight should, if possible, be integral parts of the standard unit 

[50] The parallelogram of forces.— Among the various 

arrangements for the statical demonstration of this law, the one presented 
in fig. 64 is especially recommended on account of the simplicitj of its 
construction and the readiness with which the forces maj be meas- 
ured by the length of the lines. To the block A is fastened the rect- 
angular bar a 6, which is pierced with holes at equal distances of about 
a centimeter or an inch. The point of rotation c should form the com- 
mencement of the series. Upon the bar moves the slide d e, whose 
length corresponds to a whole number of units of the graduation ; it is held 
in its place by a pin, and the numbers are marked on the bar in such a man- 
(58) 
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DOT tliat the one seen it the npper edge d of the lUde Indicates the distance 
c F. The thlckoeiB of d e is tnch that its anterior face is parallel to that 
of A, and stands the thickness of one of the bars farther back. Tbe thin 
strips, Fi, Fk, m n, I o, ue pierced with holes at the same distance apart, 
asfaiob; thejareUkewiMDamberedfVomtlieirpointof rotation, and may 
be combined into a qaadrangnlar Bgore by the insertion of flat-headed 
Fig. 64. Fiq. G5. 




H 



wooden or iron {nns, as at z s. It is better, tbongb not necessaiy, for these 
pju to have screws on the opposite extremity. The strips mnlo likewise 
carry poHeyB, one side of which coincides with a line connecting the holes. 
In the present and similar cases, the pnlleys (best of boxwood) shonld hare 
a slight eleration toward the center, as shown in the one represented of 
nataral size in fig. 65. It is held between the strip on one side and a bit 
of bent brass plate, screwed to the wood, on tbe other. The brass most 
fit mfflciently close to the pnlley to prevent the string from slipping off. 

In trying the experiment, take three silk strings, and tie them to a small 
brass ring ; pass two of them over the pulleys, allowing the third to hang 
dowa. Constmot a parallelogram of any size oat of the four strips, which 
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Fig. 67. 



will then have its diagonal in a &. If weights be now hnng to the ends 
of the three strings, corresponding to the distances cZfCn^c F, eqnili- 
brinm will take place, and the point of nnion of the strings will correspond to 
the point c, returning to it whenever drawn away. The small boxes of tin 

filled with coins will be found 
■^9' 66. y^jy convenient in this experi- 

ment The block A maj be 
fastened to a stand, or simply 
placed on the edge of a table; 
in the latter case, however, it 
must be heavily loaded. 

If any other weight than that 
corresponding to the diagonal 
be nsed for the middle force, 
the knot will not come to c; 
the slide may then be moved 
nntil this is the case, and the 
weight will again correspond 
to the length of the diagonal. 

Without such a machine, two 
pulleys may be fixed to a table 
in any way, as in fig. 66, and 
any weights attached to the 
cord, and then the angle, which, 
according to the law, the forces 
would make with each other, 
sought by construction. If this 
figure, drawn tolerably large, 
be held behind the cords, Hie 
angle which they make will 
always correspond to that of 
the figure. The correspondence 
will not be exactly owing to the 
unavoidable friction, but the dif- 
ference will fall within the same 
limits on both sides. 

[51] The knee-profis.— 

The application of the paral- 
lelogram of forces, in the so- 
called knee-press, may be readily 
illustrated by means of the apparatus represented in figs. 67 and 68. To 
the board MN the upright pillar ABi& fastened by a screw. Up and 




PBTBICAL EXPBBtHENTATIOS. 



«l 



dowD this moTes the pnllej C and the lever IH, capable of being fixed 
b; alides and clamp screws. Tfaos, in rhj poHition of the knee, the lever 
IBtioA the string a of the pulley ma; be made to assame a liorizontal 
position. The string is attached to the axis at D by means of a Btirmp. 
ff tb« ban E DDF move on their joints with snfBcient freedom and 





precision, we can readily calcnlate fh)m the weights In the scale-pan e^ 
and the proportionB of the lines a D and D E, the lateral force D E, and 
from the lererage, the weight required at H, since in the experiment, 
DE will act nearly perpendicularly on IH. One of the joints mnst be 
so coRstmcted that the b(^s DE D F will be unable to pass beyond a 
rertical pontion. All the bars shoald be made of iron, the extremities 
somewhat stronger for the Joints, the central joint being constmcted as 
^owD in Bg. 69, to prevent the two bars from going past the straight 
line. The holes and pios, u well as all the joints, mnst be made very 
smooth, to gire the apparatus the proper freedom of action. 
The compoand action of two forces may likewise be shown by the 



Fig. 70. 



nmnltaoQons impact of two 
iroij balls upon a third, all 
of the same rize. i 

[53] The oompoHi- 
Uon of tinif orm forces 

may be illostrated by the ap- 
paratus shown in figs. 10 and 
11. JV^is an upright board, 
with a foot p. The board 
JI S is fastened perpendicn- 
lariy to if JT, and held in place 



fig. 71. 
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nslly along the middle, and has tiro nbbeta on the upper side, panllel 
with the slit. To a block of wood o d toar wheels are attached, nmniBg 
in the rabbets of B 8. In addition to the fbnr wheels, there is a poUej 
in the block, proJecUng slightlj above the npper side; over this and the 
pnlley / ia passed a string, fastened at g, and carrying the weight h. If 
the block c fi be now drawn along the board S Sby means of the string c 
passing over the pnlley e, the weight h will immediately ascend along the 
diagonal o m of the parallelogram mnop. 

[68] The inclined plane. — An arrangement to eihiblt the laws 
Fig.ti. 




of the inclined plane conveniently and with sufficient exactness, mnst be 
arranged bo that the force may be made to act parallel, either to the 
plane or to its base. The inclined plane should be of metal, and capable 
of being Gxed by a clamp screw at any angle. The cylinder running on 
the plane must also be of metal, having for pivots the steel points of two 
screws fixed in the brass f^ame ab, figs. T2 and 13. The piece de/haa 
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on iti tide dea gndn&tion in fractions of the base; e/likewiso ia 
gndsated either to degrees oi in fractions of the length of the plane. 
The latter is the more difficult to apply, and in general it is better to 
caleqlato the coimterpoiBe required from Uie Imown weight of the cylinder, 
and the triangle mno. If the connterweight acts over the pulley g, it 
wiD hold the cylinder in eqailibrium at any point on the plane. When 
it acta, howerer, over h, eqnitibrinm will only exist when the string ig 
horizontal Thie latter pnlley la carried by the brass strip i k, 
flg. 1i, and may be fi«ed at any position by screws, r a, which, ^- T4. 
howerar, will not affect the result. In this case, the inclined " 
plane has a ilit, throngh which the string can pass. The pnlleys 
are made of wood, with slender axles; t seirea to snpport the 
plane in a horizontal porition, fbr which the slit is widened toward 
g, to pass OTor the polley h. 

fUj A simpler appantne, thongh qoite as instroctive, may 
be made'of wood, as shown in figs. 75 and 76, ^ of the real size 
Fig. 16. 




The two bouds may be connected by a hinge, the lower one having four 
■^vUiig Krewi. The inclined plane has a slit in front, to receire the 
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palley, vhoee axis reata od ttie side§ of the slit, tnd is held dovn bj two 
plat«8. The palley most be as large as possible, withont toncluDg the 
table, vben tbe two boards are sbnt on each other. To o^ust the appa- 
ratus, we may make use of a pin, which catches against cleats or holu^ 
on the noder side of tbe iaclined plane, made at distances apart eqaal to 
the height of the pin. 

The load is best mode of metal ; it may, however, be of old wood sat* 
orated with hot Tarnish ; its diameter, as shova in the fignres, will depend 
on the height of the pulley. When of wood, it should have metal shafts, 
and be set In a frame of aheet-brasa. The weight of the roller and frac- 
tions of tbo same are marked upon it. 

[55] The SOrew. — The theory of tbe screw is best illustrated by 
means of a wooden cylinder abont two inches in diameter, on which is 
wrapped a right angled triangle of paper, as a fro In fig. 77, one cathetna 
of which is eqool to the height of the cylinder, the other to its circumfer* 
ence. The hypothenase has a well-defined black margin, and repreaenta, 
when wrapped aronad the cylinder, one turn of a screw. 



Fig-f!. 



Fig. 78. 




In a similar way, tbe donble-tbrcaded screw may be illuatrated, by bar- 
ing a second black line parallel to the hypothennse, as in fig. 7S, where 
a b is eqnal to the circumference of the cylinder, and a e half the same. 

In order really to show the action of screws by weights, it would be 
necessary to choose such as have a wide thread, and even then tbe fric- 
tion would be too great It wonid be well, however, to have a few 
models of flat and sharp threaded single and double screws, and also a 
model of an endless screw, although they should not be used with weights. 
The models sbonld not be too small. 

If it be desired to illnstrate the action of a screw experimentally, the 
following apparatus, designed by Frofcssor J. MuUer, is very couvenient. 
The base MN, fig. 79, sapports a massive, well-tnmed cylinder A of hard 
wood, over which fits a hollow cylinder B, designed to support the weight 
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C. The latter cylinder is made of vei; bard and dry vood; the lower 
margin is cnt in the form of a screw, which can be made pretty accurate 
by first pasting aroond it a slip of paper, as in fig. 79. Into the solid 
cylinder, six rollers aa... are screwed, so that all may sopport the screw 
together. These rollers more on steel bearings. Fig. 80 shows one of 
natural size. The arm I) also has a roller, over which the cord with 
counterweight passes. The screw shonld have a high angle, and, for con- 




Teoience in ezperimmting, ahoold bear a simple ratio to the circumference 
of the cylinder. The use of the apparatus needs no explanation. 

For further illnstratioD, an Archimedes' screw with a gloss cylinder ia 
CDDTeoient. 

[&6] The wedge. — The simple arrangement of Gg. 81 is intended 
to iUnatrate the theory of the wedge. It consists of a wooden base r r 
set horizontally on a table by means of four adjusting screws. In this 
baw and hnag between cheeks of brass is sunk the cylinder a; it also 



I^g. 82. 



Fig. 83. 
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caniea tlie pallej c, which projecti in sach a maDner as to giro firee play 
to the atring ; I to which the scale-pan w is attached. Is the upright v 
It hinged the board e, with its cylinder 6, which can be pressed f^aiiut 
the cylinder d by a weight Between the two u sitaated the wedge k 
attached to the string 1 1. There shoold be sereral of these wedges of 
the same length, bnt of ditTerent bases. 

The entire spparatas is very simple, althoogh the cylinders reqnire nice 
work. They are made of boxwood and tamed on their pins after these 
have been inserted. The two mnst rotate perfectly parallel to each 
other. 

The mode of nsing the apparatus will be evident to every one. The 
pressure of the board a with the cylinder b is ucertained by attftching 
it by a string lo one scale of a balance, and patting weights into the 
other until the board rises on its joint to a 
horizontal position. This weight is marked 
on the board, and In each experiment is to 
be added to p. It will be best so to regu- 
late this weight that it shall amount to a 
whole number of the assumed nnits. 
[87] The pulley.— In addition to 
] the common form, it will be necessary to 
' illustrate the movable pulley for the case 
where the two cords are not parallel, as 
this affords a good opportunity for remarks 
on the parallelogram of forces. The ei- 
perimenter shoold have a number of single 
pulleys with movable hooks, about the sise 
and shape of those in figs 83 and 83, so as 
to admit of various combinations. A frame with various seta of pulleys 
is shown in fig. 84. 

The pulleys themselves must move freely enough to require their weight 
to be taken into accou]it in experimenting, this being determined by means 
of a scale-pan, as in the simplest combination of fig. 84. They must be 
a little thicker toward the center so as to diminish the friction against the 
frames as much as passible, and the space at the top must be so small as to 
prevent the string from slipping off. To explain the working of a movable 
pulley when the two strings are not parallel, as in fig. 85, the same arrange- 
ment may be used as for the parallelogram in fig, 66 ; in this case we pass 
a single string over the two pulleys of the frame, and upon this place a 
movable pulley, as in fig. 82. By means of the apparatus, it will be easy to 
explain the advantages and disadvantages of the different comblnatJons, 
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[&8J OonStmotiOIl of the pulleys. — if made of br&ss, pieces 
aa nearlj circular as possible are cut ont of brass plate with the naw or 
coM cIukI, foUowiDg Dp with the file. A bole is next to be bored io the 
center of each, and a wire filed slightly tapering passed throagh so as to 
fit tightlj. This Bhonld be at least a line in diameter aad be soldered 

Fig. 84. 




with tio. The pulley shonld 

then be pnt on the lathe and 

tonied at the same time with 

the axis, care being taken 

that the pnlley is leTt very 

slightly thicker at the 

than the circnmference. The 

azia aboald be left at least 

half a line in thickness, and 

the groove mast be < 

enongh to receive the entire thread withoat any part of it projecting 

beyond the edge, fig. 86. The pnlley is then to be varnished while still 

OB the lathe. 
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The cheeks, 6g. 81, the hook, with its neck, &g. 88, and the intenne- 
diate piece, fig. 89, are then made, and the tatter pierced with s hole to 
receive the liook. Tbu different parts are then combined hj means of a 
hand-Ttce, which is applied over the apper half of the iDt«rmediate piece, 
allowiug the palley to more freely and to come so near to the intermediate 
piece ss to prevent the string from slippiag off. In this situation bore a 
bole a, fig. 90, entirely throngh the head, and so as to encroach slightly 
on the one previonslj bored in the intermediate piece, insert the neck 
of the hook, and pnt in a rivet before removing the huid-rice. A second 
hole may then be bored also passing throngh the neck of the hook, or 
any other part of the head, and another rivet inserted. Should the 
hook be too tight to turn freely, a little oil and working will ease it 
The entire block is then to be cleaned and ramJBhed. 

The intermediate piece may also be soldered to one of the cheeks, or 
both made in one piece. The latter course is not to be recommended, 
and it will at any rate be necessary to use a rivet to hare a moTgble 
hook. 

In the case of wooden pulleys, the frame or block is made of a piece 
of bent brass plate, the pulley bored through and the asis riveted, or 
otherwise fastened in the frame. The hook is likewise riveted into the 
ftame before it is bent If the operator cannot make such pnlleys, or 
time be wanting for the purpose, very good temporary ones can be con- 
stracted by getting some wooden pulleys already pierced from the tamer, 
and bending a round iron wire into the shape sbown in Gg. 91. The part 
Fig. 87. Fig. 




a passes through the hole of the pulley, and in this way we shall have a 
tolerably good arrangement, and at a very trifiing cost, even for a con- 
siderable number. 

To make the pulleys turn very easily, which is necessary for many pur- 
poses, they must run on pointed steel screws passing through the frame. 
A hole is bored in each end«f the axis, whk:h is enlarged conically, as 



Fig. 93. 
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ahown on an eoUrged Bcale ia 6g. 93. The pulley most be ceotered on 
thv eoolcftl bole. The pointe of the Bcrews which mo loosely Id the 
conical depression mnst be 
sharper cones, so that only 
the obtose edges of the de- 
pressions will plaj on their 
polished surfaces. The 
screws are made as hard as 
glass, and bo adjosted a» 
JQst to allow the pulley to 
turn freely without pres- 
sure or oBcillatiou. For 
this purpose a second nut 
is necessary, as eeeu in 
fig. 92. 

[59J me lever. — However simple the theory of the lever, the 

Uuher will find considerable practical difficulty in explaining it to the 

entire comprehension of his scholars. It will, therefore, be necessary to 

prewnt experiments in their most varied applications. 

The apparatna, Bgs. 93 and 9i, is well calcnlated for illustrating the 

Fig. 94. 





lawi of the lever; it is constructed entirely of hard wood, with the ex- 
ception of some small pieces. The post G is fixed in the middle of the 
base BA, which stands on leveliug screws, nud behind it the upright 
board MN. if iVhas three slits, DDD.'m which to fasten pulleys, A 
htMt plate a is screwed to the top of the post G\ its cheeks are notched, 
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to receive the axis of the lever. This is a wooden bar taming on a steel 
axis perpendicalar to its length ; a piece of stoat knitting-needle will 
answer for this purpose. The axis shoald be driven in a little above the 
center of gravity. Along the bar, at distances of an inch, are next to be 
inserted short pins of rather thinner wire, all to be in the longitudinal 
axis of the bar and fitted in as truly perpendicular to its vertical plane as 
possible. To each pin is to be attached a stirrup of brass wire, as shown 
in fig. 95. These stirrups are made of hard, drawn wire, so as to have 
some elasticity; they should be all of equal length and capable of being 
detached, so as to be replaced with the bend above the bar. The pins, 
with their stirrups, are numbered from the center. The brass balls m m 
moving on close-threaded screws at each end of the bar serve to balance it 
To bring forces to act obliquely upon the lever, we make use of a pulley 
n placed in one of the two slits, D D, and with its plane parallel to MN. 
This is shown of natural size in fig. 96 ; it is made of boxwood or brass, 

and has a steel axis turned at 

^' ^^' ^^' ^^' the same time with the pin 

^ M ^ ^, on which a screw is cut, 

^ leaving a space as long as 
L^ the thickness of the pulley. 
I This is embraced between B 
and the convex head S, so as 
to have an easy motion. Over 
this pulley is passed a string 
attached at one end to any stirmp and to a weight Q at the other. 
We can then ascertain by direct measurement the distance a c of the 
direction dc^ in which this weight now acts on the lever; ac is, how- 
ever, inconvenient to measure. If the upper edge of the slit D is 
distant from the middle of the lever, when in equilibrium, by a whole 
number of inches, (about three inches in fig. 93,) and provided with a 
graduation corresponding with that of the lever, the triangles acd and 
d e f will be similar, and from d f^ d e, and a d, we can find the dis- 
tance ac, deAs easily measured. If, in the present case, df= 3, a ef =5, 

de^=3^, then a c ^- :i = — - If now a direct acting weight be 

de T. 

49 
attached to the left, at a distance, 7 = the weights would be inversely 

T 

as the distances, or Q : P = 49 : 30, a proportion which, like any other, 

is easily constructed by means of coins. 

To make a lever of the second or third class, a pulley is placed in the 
upper slit, and one of the stirrups turned upward ; the attached weight 
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Mt8 orer Uie pnllej, and the other weight acts directly at the reqoired 
dirtwice. To adjast the upper pnlley with safficieot exactness for the 
purpose, ila alit has a graduatioo coirespondiag to that of the lever. 

The ftxis of the lerer itself ma; be held in a stirrup, and the action of 
the two lateral forces balanced by a middle force for the purpose of show- 
ing what the fiilcrum at a has to perform, and in general to exhibit the 
law of eqaillbrinm of three forces, whose centers of ocljon are connected 
by a straight line. 

A simpler and ?ery uBeful arrangement for iilnstratiog the laws of the 
lerer, is given in fig. 97. It needs no further description. Each of the 
levers may be used alone or in combination with others. Smooth holes 
are bored in the levers and the stand, and pieces of smooth wire serve as 
M:miiu and supports for the brass stirrups which support the little 
hooks. To use them as vne-armed levers, they are balanced by the 
weights so. To use a single one as a one-armed lever, the upper bar is 
passed throagh both supports, and pulleys attached to it for the weights 
which are to act upward. 




The arrangement in fig. 98 Is still simpler. The lever A B tarns on a 
steel wire, and similar wires anpport the stirrups of the weights where 
they are required. The pulley C causes the weights to act upward. 

If BatisRed with the simplest arrangement, we may attach the lever to 
a hook, by means of a somewhat longer stirrup of bras» wire; in this 
case, however, only forces acting directly can be employed. We may also 
famish any steelyard with a graduation on its short arm corresponding to 
that on the long, and thus explain tlie law of the lever, though less com- 
prehensively. 



PHreiCAL EXP£BIHBNTATIOH. 



[60] The wheel and axle. — Ad iron axis is passed through & 
soiUble piece of hard wood and both tamed off together, bo that thu 

Fig. 98. 




wood may haTS a immber of BDCcessive disks, 
with diameters proportiooed to each other, as 
1, % 3, etc., 6g. 99. Each disk has two pins, 
diametrically opposite to each other, to attach 
threads. These disks are supported by tiro 
eqaal strips of brass, trhicb are screwed to a 
board. 

For the farther elucidation of this subject, it 
wonid be well to hare a simple wooden axle 
with iron gudgeons, on which may be placed a 
winch or a wheel of the same radius, to explain 
the notion of the winch. These gudgeons must 
also be turned oS with the axes, and rest in 
ground brass boxes. The action of weights in different positions of the 
crank may readily be shown. 

After having thus explained the knee, the pulley, the lever, wheel and 
axle, and crank, we may next proceed to the consideration of some com* 
pound machines. 

For this purpose, models will likewise be needed, although the experi- 
ments will be no longer conduct«d with weights. Among these the 
common carter's Jack occupies a prominent place. Instead of con- 
structing a model of this, it wit! be well to procure a good jack of 
the smallest size, and either cut through the plate which covers the 
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wheels, or, if this cannot be done, hare the plate arranged to screw 
OD, instead of being riveted. A jack of this kind ma; be nsed for other 
purposes, and costs no more than a model. 

The tripod with a windlass, 
shown in fig. 100, is easily 
tonstructed in model, and is 
the better Bait«d for illnstra- 
tion of a compound machine, 
as the tripod is so frequently 
Qsed with or without the 
windlass. It depends on the 
design of the instmctioD, how 
mncb eboold be done in the 
way of collecting models ; bat 
it is desirable to hare, so far 
u possible, real working mo- 
dels of tolerable size for the 
sake of exhibiting the actual 
opentioD of machines. 

[61] Center of grav- 
ity. — For illnstratiDg the law 
of Uifl center of gravity in 
sorfaces, a triangle may be 
made of very even wood, ma- 
hogany or ebony, about a line in thickness, and the center of gravity 
found on it by construction. If a hole be bored from the other side more 
than half way throngh, the rest pierced with a fine needle, so that it can 
be sospended by a thread, as in Gg. 101, it will be so 
nearly balanced that a little wax will easily adjust it It 
should be made of oniform thickness. In the same way 
the center of gravity of a square or polygon raay bo 
constructed by combining the centers of gravity of the 
separate triangles which compose t[ 

[62] The equilibrium of saapended bodies is most stable. 
When the mass of a body can be so distributed as to be suspended withont 
appearing to be so, various curious experiments may be exhibited. Thus 
on the point of a pyramid. A, fig. 102, is a slightly concave metal plate. 
A. piece of wood B, with a bent wire ^.Y passed through it, having a lead 
ball at each end and provided with a steel pivot, is set in this concavity. 
The whole system will be suspended when the two balls lie below the 
pivot. For the block B may be snbsljtnted a small Ggure made of light 




Fig. 101. 
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material resting on one toe, and holding the wire If ^ in its hands like a 
rope-dancer. Snch an apparatus will always maintain its eqnilibriam, 
however mach it may oscillate or rotate. 

[63] The cone wMch runs up >^ill- — Make a doable cone of 
wood, fig. 103, of 5 to 10 inches in length and 2 to 4 in thickness, with a 
knob at each end. Nelt procure two bars, like mnop, fig. 104, beveled 

Fig. 102. Fig. 108. 





Fig. 104. 




at the npper edge m n, which inclines to op in such a manner that the 
axis of the doable cone, when laid on the highest part at n, fig. 103, lies 
somewhat lower than when the common base rests on the lowest point 
at m. The two boards are nnitcd at ?n by a hinge, and separated enough 
to let the apices of the cones rest in the notch at n. On placing the 
cone at m, it will run toward n, and come to rest in the notch. 

[64] The Chinese tumbler. — This may be bought at any of the 
toy-shops. When the stair is erected, the tumbler is to be bent together 
with its back downward, as if resting on the hands and feet ; place it, 
however, only on its hands, and it will turn several somersets before 
reaching the bottom. If the toy docs not work well, it should not 
be bought at any price, for its adjustment will involve much time and 
trouble. 

[65] Stable equilibrium. — ^The apparatus shown in figs. 105 and 
106 is very well adapted to illustrate the laws of stable equilibrium. The 
board Jf ^with adjusting screws carries a square iron bar B^ on which 
the slide a b with the pulley c moves up and down. This can be fixed at 
any height by means of a screw d. In the middle, directly across the 
board, is fixed the thin brass strip m m. Make an accurately perpendicn- 
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Im iHrism of white boxwood, and Iiore ft bole from below, hair the 

length of the prism and on one side of its vertical axis, having its 

cealn in the median line of the 

prism. FiU the hole with melted ^'^- '"^ 

lead, and after cooling, Gx it more 

innlj in the cavitf by hammering. 

The center of gravity of the 
body moft now be ascertained by 
applying the shaq) edge of a mler. 
If wood of nniform texture has 
been selected, and the hoie for the 
lead made directly opposite the 
middle of the side nearest to it, 
the center of gravity will lie in 
the aection pasdng vertically 
through tills middle line. This 
line and the one direcUy oppo- 
nte are now divided into four 
parts, and in each division is in- 
■erted a small hook, to which is 
fiutened a thread with a scale- 
pan at one end and passing over 
a polley. The pulley mast be so ^^' 
■rraoffed that the string shall be 
boriiontal. 

The distance of the line of direc- 
tlov of the center of gravity from 
that edge over which the prism 
will be thrown, the distance of 
tiw point of attachment from the 
«me edge, and the entire weight 
of the body famish the elements 
flfom which we can calcnlate the 
weight which mnst be attached 
to the string in order to over- 
throw the body in any of the 
fonr portions in which it can be placed, with the string attached to 
either of the six hoolis. The weight of the body is marked on it, and 
the distances r s, 8 1 measnred and marked, assuming the interval between 
the hooks as unity. The weight calculated for each hook should be 
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marked beside it Tlie atand of fig. 67 will serve for thia a 
after remoriug the lever and knee. 

[6G] The balanoe.—The dependence of the delicacy of a balance 
on the poaition of its center of gravity can be shown, as Boggested hj 
Tt-„ iQn Qreiss, very simply as repre- 

sented in fig. 107. Two half 
knitting-needles and one 
whole one are thmst throagh 
a cork at right angles to each 
other, and the apparatus sup- 
ported on two wineglasses, 
&o that the whole needle 
represents the beam of the 
balance, and one of the halves 
the toDgne. By pushing the 
latter ap or down, the center 
of gravity can be altered at pleasure, and its effect on the equilibrium 
thus demonstrated. 

[67] Management of the balance. — Two balances are needed; 
a delicate one, for accarate experiments, (as in specific gravity,) and a 
good common instrament, for miscellaaeoas parposes. In case of neces- 
nty, the latter maybe used for specific gravity experiments, prorided they 
are as sensiUve as the better kinds need in the shops. 

The characteristics of a good balance are well known. As the oatlay 
is considerable, the fine balance should be bought of a well-known maker, 
as it will be no advaotage to have any but a first-rate instminent It 
should carry about 500 grammes, and turn with at least jurists i that is, 
with the load of a hectogram it shoald tnm with a milligram. The 
base must be provided with screws for horizontal adjustment, since the 
suspension in the so-called shears, as in the common balance, is not 
admissible here. Wedges, indeed, may be driven underneath, or the 
stand may be placed upon a board, with adjusting screws, which will be 
found available for other purposes ; but either mode is a tronblesorae one. 
This balance should have an extra pan, for the determination of specific 
gravities. 

It is essential to the good preservation or a balance, that, when not in 
use, the beam should be raised from its bearings by a gentle, steady move- 
ment. It will he found very convenient to have the case for the balance 
glazed, and it should be so arranged that the pans can be readied by 
opening a door in the case. The equality of the arms may be ascertained 
by loading the pans nearly to their limit, and balancing and then trans- 
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posiDg the pans, which Bhoald still balance each other. This may not 
occur, howeyer, with mathematical accuracy in very delicate balances, 
and therefore when very accurate determinations are to be made, recourse 
must be had to the method of double weighing. It will be readily under- 
stood that in such a balance, the edges must be parallel with each other, 
sharp, and in the same plane. 

The balance must have a firm resting-place in a good light where it 
can remain undisturbed. If it become ncessary to move it, the knife 
edges should be lifted from the bearings, for these parts are easily injured 
by shaking. 

[68j In toeighing, it is more expeditious to try the weights in regular 
successiony beginning at the larger, and omitting none, for one is very apt 
to underestimate the weight, and have to go back again. The balance 
should not be raised to its full height until equilibrium is so nearly 
secured, that neither scale touches the bottom. It is only by the most 
cftotious handling that such an instrument can be kept in order. 

It will not be necessary to wait for the balance to come entirely to rest, 
as the index moves along a graduated arc, and a comparison of the 
amount of motion to either side of the zero will indicate the fact even 
better than when all is in equilibrium. This, however, soon occurs in 
specific gravity experiments, when the body to be weighed is suspended 
in water, on account of the greater resistance of this element. 

[69j For the common balance, one should be selected carrying 5 to 
10 lbs., and of sufficient delicacy to turn, when not loaded heavily, with 
TiAtf* (^ decigram;) in this way the finer instrument may be much re- 
liered. It should be suspended in some convenient accessible place, where 
there should be two hooks, one to support the scales when in use, the 
other lower down, and allowing the pans to rest on a base. There 
shonld also be a point of suspension for this balance over the exper- 
imentiog table, as it will often be needed here. If this balance be the 
only one procured, and with the above-mentioned degree of sensibility 
it will serve for purposes of demonstration, it will be necessary to have 
a pair of flat scale-pans to be used among other purposes for specific 
gravity determinations. The instrument must be subjected to all the 
tests to insure accuracy, as this will frequently be found wanting. Be- 
sides seeing to the equality of the arms, the three knife edges must be 
tested to see if they are in the same straight line. If the construction 
of the balance will allow it, this latter point may be ascertained by means 
of a fine, smooth thread attached to a bow ; if this test cannot be applied, 
then recourse must be had to weighing. The sensibility must not decrease 
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too mach, by increasing the load, nor become extreme when loaded 
to the highest In the former case, the central knife edge is too high, 
or rather, the line connecting the onter knife edges is below the cen- 
ter of gravity; in the latter, it passes aboye the central edge. Thos 
a balance which when empty turns with a weight of 1 to 2 centigrammes, 
and when loaded with 3 kilogrammes in each scale-pan tarns with 2 or 3 
decigrams, may well satisfy the operator as to this point. It is well 
known that the sensibility of the balance is indicated not by the amount 
which sets it in motion when at rest, but by that which affects its oscilla- 
tion when already in motion. If a balance does not come up to all these 
requirements, it should not be purchased. If, however, an inaccurate one 
has been already procured, all its parts should be carefully scrutinized. 
If the bearings and knife edges are not hard enough, (the file should not 
cut them,) they should be knocked out with a wooden or copper ham- 
mer and rehardened ; or else they should be replaced entirely by better 
steel, ground and polished anew. Further hints on this subject will be 
given when treating of the pendulum. Should the balance still indicate 
a want of sensibility, its center of gravity lying too low, it will be neces- 
sary either to remove some matter from beneath the point of suspension, 
or else add something to the tongue. Finally, if the knife edges are not 
properly adjusted, or the arms of unequal length, and the knife edges not 
movable, something might be done by means of the hammer ; but this is a 
very hazardous business with which we should have as little to do as possi- 
ble. It will in most cases of this kind be found best to purchase a new one. 
[70.] Weights. — It will be advisable for the experimenter to have 
weights of several different denominations, as troy, avoirdupois, and 
apothecaries' weights, together with those of the new French standard. 
The latter should be obtained from some reliable workman ; for making 
decimal weights is a very tedious operation without a standard weight. 
Even with the indispensable precaution of laying each weight in its proper 
division in the case as soon as it is taken from the scale-pan, one of the 
smaller weights will occasionally be lost in some way. It is well there- 
fore to make duplicates of these out of thin silver or platina plate. The 
cost of such plate is inconsiderable. A convenient mode of constructing 
these is to cut out a small rectangular piece and regulate it carefully to 
the weight of a grain or decigram. Then with the dividers lay off aliquot 
parts of the length and cut it with a sharp knife and a metallic mler into 
bits of 5, 4, 3, 2 and 1 milligrammes. The accuracy of the several pieces 
may then be tested by the balance. Chemists often possess scales sensitive 
to j\ of a milligramme, and access to such should be made use of for 
purposes of comparison and rectification. 
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[71] The SteelyarcL — A steelyard will be necessary only to explain 
the mode of its use ; it is to be tested before parchasing by trial with known 
weights. 

Fig, 108. 




[72] Counter scales or platform scales.— The construction 

of these scales can be readily explained, and should by no means be omitted 
OQ accoant of the almost universal use into which they have come. The 
main point in testing them is to ascertain whether the decimal relation is 
maintained with different weights when placed on any given part of the 
bridge. Their sensibility rarely exceeds j^outj* A convenient form for 
demonstration will be found in one carrying about 50 lbs., the bridge or 
platform of which consists of two pieces hinged to a frame, which, when 
dosedy entirely fill up the frame, and when opened and turned back, 
expose the lower lever to view. 

[73] Eilasticity. — The elasticity of ivory is shown by dropping a 
snull ball on a marble slab. If the slab be breathed upon, the ball will 
make a spot the size of which is proportioned to the height of the fall. 
The spot is seen best in an oblique light Blackening the slab with lamp- 
black makes the spot more distinct The slab should be leveled by wedges 
to avoid having the ball rebound obliquely. It will be best to catch the 
bttU as it rises in the air. 

Any piece of marble slab will answer for the preceding experiment, 
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Fig, 109. 




after it has been dressed square. It will be best to have a wooden case 
with projecting edges made to fit the marble. The case is laid down, 
bottom upward, and the marble laid in it. The remaining space is filled 
with prepared plaster of Paris mixed to a thin paste, which, when quite 
bard, should be leveled off*, and the wooden bottom screwed on to the 
frame. Gypsum, or plaster of Paris, (sulphate of lime,) is prepared for 

this and other purposes bj taking it in impalpa- 
ble powder as ground at plaster-mills, and put- 
ting a conyenient portion dry into an iron pot 
over the fire. After a short time, an apparent 
ebullition will take place in the dry powder 
owing to the disengagement of the water of 
crystallization. The mass should be stirred con- 
tinually until the bubbling ceases, then removed and allowed to cooL 
Unboiled plaster will set or harden, by mixing with a solution of car- 
bonate of potash, although not so perfectly as when boiled. 

To this experiment we can revert after the laws of falling bodies have 
been explained ; and from the height of the rebound, the elasticity of the 
ball may be calculated. 

The elasticity of well annealed glass is shown by the glass trumpet, 

fig. 110, whose thin anterior 
FUi. 110. Fig. 111. Fig. 112. ^^jj jg ^^^ ^^^^^^ ^^^ ^ 

rattling sound when blown 
into. A bunch of glass 
threads serves a similar pur- 
pose, as also a glass tube cut 
into a spiral See §17. 

The Bologna flasks, fig. 
112, are made of unannealed 
glass, and break to pieces 
when an angular pebble is 
dropped into them, although they will bear the stroke of a hammer on 
the outside. Vessels very similar to these are sold for taking specimens 
of spirits from casks ; they have the same shape, but may be distinguished 
from the Bologna flasks by having the neck ground even, fig. 111. They 
are partially annealed, and do not answer at all for this experiment. 

The experiment with the glass tears, or Prince Rupert's drops, (made 
by dropping melted glass into water,) is best tried by wrapping them in 
paper and then breaking off the fine point. In this way the fine sand 
into which the drop fiills will all be retained in the paper, and the danger 
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of injar; hj the flying about of the particlea avoided. These drops, when 
broken in & tumbler of water, osnallj break the glass with the violence 
of the shock. 

[74] The lorsion elasticity of hard wires is shown by fastening a 
piece S or 3 feet loag to a weight of several poands, and snspeuding it 
by the other end in a hwid-vice. When the weight >^ twisted oat of its 
place of rest, it will gradaally retam to it 

[75] CSoliesion. — Ezperimenta in cohesion are not often undertaken 



Fig. 113. 




for pnrposes of instmction, as they consume a great deal of j 
time, and, without constant repetition, lead to no result. The 
tiKt of cohesion esisting, however, needs no very labored 
demonfltration. An arrangement like that shown in fig. 113 
may easily be constructed, (with wooden base,) in which, by 
meaoB of a sliding weight of some 50 lbs., parallelopipeds 
of wood may be torn apart. The latter are shown on n 
largor scale in fig. 114; they should bo faced with harder 
wood at the extremities. The distance between the two holes 
Dost be inch that after the wood has been I 
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the lever uid the base by means of bolts, u sboira id fig. 115, the fonner 
will occDpj a horizontal position. 

[TC] Adhesion is shown (I) b/ means of gronnd plates 
Fig. 115. of glass or metal; (2) by pieces of lead pressed together; 
^ , (3) by AIuBcbenbroeck's cohesion plates ; (4) bj glass and other 
^7 plates on mercaiy and water; (5) by the Scotch waltzer. 

1. Plate glass ia cat into round or octagonal pieces, and the 
edges gronnd off on a griadstone; wooden handles are then attached by 
means of sealing-wax. The plates mast be gently heated nntil the wax 
will melt on theoL Pieces of broken mirror will answer for this par- 
pose ; their cofaesioD, howeTer, sboald be tested before going to the trouble 
of fitting up. Metal plates, after having been tnmed as trae as possible, 
must be gronnd down. This mast be done with each, ungly, apon a per- 
fectly true iron plate or a piece of mirror glass, with sand and water, and 
finally with fine emery. The plates most then be ground on each other 
with powdered pumice and oil. These plates require mnuh labor, for 
even those purchased at the shops are often very defectire. 

2. Two cylinders of lead, about ( inch in diameter and length, are 
smoothed first with the file and then with the penknifo; on pressing them 
together in a vice, they adhere so closely as to be separated with great 
diCBcntty. 

3. MuBchenbroeck's adhesion plates are treated like those menUoued 

in the first illnstration ; to unite them they are 
Fig.nS. gjgj heated and then coated with tallow, 

after which they must be pressed together in a 
vice and allowed to cooL They will then sns- 
tain probably as much as fiO lbs. before separat- 
ing. See fig. 116. 

With both kinds of adhedon plates the ex- 
periment may be tried under the receiver of an 
air-pnmp, to show that atmospheric pressure is 
not the agent involved in the case. To do tlus 
satisfuctorily, however, an arrangement similar 
to that in fig. 117 will be necessary. This con- 
sists of a board with three brass rods combined 
at top, and at their point of union carrying a 
hook for suspending the plates. The size of 
the base will depend on that of the receiver 
and air-pnmp plate. The weight should not 
hang high above the board. 

4. Thb experiment is beet prepared in the 
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fdlowing manaer. To a glass or brass disk is attached a piece of seal- 
iog-wax as lung as the finger, and to this a string. The scale-pan of a 
commoQ balance is replaced by this disk, hang so as just to reach the 
surface of the water in a cup below. The sealing-wax is now slightly 
softened throughout by very gentle and gradual heat, and the plate 
flowed to rest on the water ; a small weight is placed in the opposite 
scale-pan. The adhesion of the water holds the plate, and the weight 
draws the sealing-wax until it becomes perpendicular to the plane of the 
plate. It will be readily understood that the plate must not be allowed 
to teach the sides of the cup. As the wax stretches, one or more knots 
are subsequently made on the string until the balance again ha^ the hori- 
zontal position. 

In the experiment, the freely suspended plate is first brought into 
equilibrium by grains of shot, before setting the cup of mercury or water 
under it By the gradual addition of weight, the plate resting on the 
liquid is torn off The plate must be carefully cleansed, which is best 
effected by washing with alcohol, and the surface of the mercury in par- 
tiealar must be free from dust. For this purpose it is to be filtered 
through a paper cone set in a glass funnel. The inferior apex of the 
cone is cut off bo as to allow the mercury to issue in an exceedingly fine 
stream. The glass plate is first laid obliquely on the mercury and then 
gradaally brought to full coincidence with the surface, to expel all air- 
bobbles. The same precautions are necessary in using water, with the 
exception of the filtering. 

5. The Scotch waltzer consists of a figure cemented to a convex lens 
or watch-glass. The glass is placed on a glass plate or porcelain tablet, 
and a drop of water put between the glass and tablet; on inclining 
the latter slightly, the glass with the figure turns half around, and by suc- 
cessively inclining the glass to different sides, the figure may be made to 
keep ap a constant and pretty rapid rotation. Considerable practice is 
necessary to make this experiment successfully. 

As It often becomes necessary to pour out of vessels filled with liquid, 
it may be weU to mention here that the liquid is prevented from running 
down the side of the vessel by first moistening a glass rod with the liquid 
and then holding It in. a vertical position against the side of the vessel to 
be emptied ; the liquid will follow the rod. 

(6.) EXFBBIKEirTS THPON LiaXTIDS. 

[t7] Uniform transmission of pressure.— The fundamental 

law of hydrostatics, that of the uniform transmission of pressure, may 
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be readily showD b; the folloving ftpparatos. This illnstrates also the 
applicatioa or the law ia Bramah'd press aod saves an expensive model 
of this instrameot. It is showD in plan and section in figs. 118 and 119, 
of j^ the natoral size. 

Fiy.ns. 
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In the table MNh inserted the iron plate a a, on which arc the two 
cylinders AB of gun metal ; A is exactly 6 times the diameter of B, and 
the two are connected by the tube with its cock D. In each cylinder 
is a metal piston, of which the larger is hollow and open above ; these 
are ground so accurately that the larger, when set into rotation, will turn 
round several times freely in the cylinder, and yet fit air tight; they must 
not be greased, but before each experiment the cylinders and pistons 
must be wiped clean with linen to remove the dust. The pistons are con- 
nected with the levers O Hhj the jointed rods E F\ these levers are of 
equal length and hinged to the cross-piece I carried by the iron column K, 
which again rests on the semicircular iron arch L springing over the tube 
(7; the arch is fastened down to the base by the two plates h b. All the 
joints are well fitted and ground with emery, so as to have an easy and 
yet steady movement. Underneath the small cylinder B is fixed the suc- 
tion tube with the valve-piece p screwed to it ; the valve can be opened 
from without by the rod c. On the base plate are also the four columns 
dddd carrying the cross-plate B ; they, as well as B, may be of wood ; 
in this case they are bored through and an iron rod introduced, which, 
by means of the nuts eee, holds the plate B to the base plate. 

In using the apparatus, a suitable water-vessel is placed beneath the 
table, the pistons removed, and the cylinders connected by the cock and 
filled up to the small opeoiogs// with water, (/ on the smaller cylinder 
can be closed with an iron pin.) In replacing the pistons, the air escapes 
through y*, and after the levers are adjusted the valve is raised far enough 
by hand or by a wire to allow water to escape until both levers are hori- 
sontaL Water may be drawn up from the subjacent vessel by raising the 
piston above the opening/. To remove the air entirely, water is pumped 
up by the smaUer cylinder until it appears at/, when the lever is rendered 
horizontal by opening the valve. At the outset, the tare of each lever, 
with its piston, is estimated by suspension from a common balance at the 
points gg, and the weight calculated which must be laid on the 
lever of the larger piston to resist of itself the pressure of the "^ ^_ 
smaller. In this tare is included for each lever a hook, as in 
fig. 120, with a small scale-pan. After restoring equilibrium 
in this way, each addition of weight to the small piston will 
require 36 times as much on the large piston, since the two 
levers have the same proportion. In this way the uniform 
transmiBsion of pressure by weight can be very readily shown. 

If now the cock D be closed and the small piston with its lever 
removed, the opening / of the cylinder B closed, and the glass tube 
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SB, &g. 121, with its brass cap jS, screwed to the small cylinder, then 

this cao be filled to any desired height above the tmr&ce of the water in 

the large cylinder; these heights are marked from I to 3 

Fig. 121. feet on the tube. By calculating the weight of a colamn of 

I water of the same height and of the diameter of the cylinder 
A. and deducting the tare, we shall know what weight 
according to the leverage is to be applied to the large pia- 
ton to hold the water in the small tube in eqaiiibrium after 
opening the cock D. All these calculations are easy, 
as the diameter of the larger piston is 3 inches, of the 
smaller 0'5. 

Ag^n : close i>, and, by raising the raWe C, let the 
water ran out of the small cylinder to be- 
low /, replace the piston and lever and ■"?■ ^"■ 
remove the lever 3 and the rod F\ a 
block of beechwood, fig. I2S, which fits 
well OD the sides and bottom of the pis- 
ton, may then be set on the piston of the 
large cylinder, and any object to be pressed 
be introdnced between it and the cross- 
beam R. By properly working the cock D and the lever 
O, more water can be pumped into the larger cylinder, and 
the application of the law of uniform transmission of pres- 
sure to the hydraulic press be thus demonstrated. 

With such a model, a pressure of some hundred weight 
may be exerted without injury; indeed that of 10,000 lbs. 
might be applied, but for the danger of bending the iron 
base plate, by which the pistons might lose their easy work- 
ing. In tlie demonstration, the amount of the pressure 
actually exerted ia indifferent, its relation to the pressure in 
£ being alone important; hence it will be well as soon as A 
^S actually exerts a pressure, to replace the hand on the lever 
(7 by a corresponding weight 
The apparatus is emptied after use, by opening the valve c* 
The simplest form of apparatus for this experiment is a strong tin ves- 



* Link, instrumeat-maker (o (he Dnivergit; of Freiliurg, mskes Ihii apparalui 
tery handsomelj for about 60 florins, ($20;) wheress a model of a bjdroalalic 
pr«st eoiti from $16 lo $80, tad cnnnol be ueed for genertl d email atrtH ion of tht 
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sel with two cjlindrical spertares, as 
seen in Bg. 133. These apertures are 
closed with good corks, the narrower 
one beiog long and cjrIiDdricat ; the 
other most aot be set in more than 
a line, nor hold too tightly. If the 
Tessel be filled with water, and the 
smaller cork driven in suddenly, the 
other will be forced out. Another ves- 
sel may have both apertares above, or 
instead of the second tnbe, two small 
holes may be made, in the side or top, 
and loosely etopped with wax. 

[78] The anatomical siphon.— Pro- 

cnre a tin vessel, fig. 124, coasistiDg of two 
parts, A and B, the former with a rather stoat 
flm. Into the narrow leg is cemented a glass 
tabe of any length; over the larger is tied a 
pi«ce of fresh hog's bladder, after being filled 
wiUi mter to the brim. Care mast be taken 
to have no tar between the bladder and the 
water. Should the bladder be annken in, water 
miut be poured into the other leg, until it is 
raised np, after which it must be drawn tightly 
ronnd the edge of the vessel, nnder several 
turns of thread, and then tied down securely. 
On filling the narrow tnbe with water, the 
bladder will be stretched, and driven upward, 
■o U to show the muscular fibers crossing each 
other. By laying a board upon the bladder, a 
wri^t can be imposed, corresponding to a 
column of tiie height of the water in B and 
the diameter of A. On piercing the bladder 
with a needle, the water will escape, although 
with a Jet not at all corresponding to the 
height of pressure, the opening being too 



[79] The hydrostatio bellows is, | 

howerer, a mnch more convenient apparatus. 
Two circnlar boards of hard wood are con- 
nected by a strip of good, strong leather, 5 inches broad, fig. 12S. The 
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Fig. 126. 




Fig. 127. 



upper board, near the edge, is provided with a conical apertare to receite 
a brass screir, Gg. 1 26. The boards are first well paiated, and the leather 
stretched tight); over them secured iu position by a few 
tacks. At the seam, which is turned inward, the wood 
is cut out a little, aod in the joint is placed a mixture 
of wax and lard, with which, well heated, the ieather 
also is saturated. Strips of leather, of width equal to 
the thickness of the boards, are uow bonnd round them, 
and oTer the other leather, bj means of a double row 
of nails, driven close together. The brass screw, fig. 
12C, is now screwed iulo the top board. The bellows are 
filled with water, through the hole in the screw, into 
which is screwed a glass tube, as represented in fig. 121; an; weight maj 
now bo placed on the top board, and from the height to which the water 
rises in the tube, and the diameter of the base, we maj calculate the 
weight. The weight applied must be equal to that of a colamn of water, 
with a diameter equal to that of the bottom, 
and a height equal to the distance which the 
water rises in the tube. 

[80] Pressure upon the base.— Be- 
sides the apparatus of Haldat, that of Pascal 
may be recommended, as alTording the oppor- 
tunity of measuring tike pressure directly by 
weights. The following is a convenient form 
for itA arraogeinent ; — 

ABC, fig. 121, is a triangular board, with 
leveling screws, on which stands the metal 
cylinder D, fig. 128. This is smootbl; bored, 
and contains a piston E, fitting water tight, and 
of such thickness as to go entirely below the 
cock F. In the bottom of the cylinder is an 
opening for the admission of air, as otherwise 
the piston would not be movable. The piston 
has a hook to allow of its being attached bjr a 
wire to one side of a pair of scales, while Ibe 
apparatus stands on the experimenting table. 
The glass vessels HE, figs. 128, 129, and 130, 
of various forms, but of nearly eqnai height, 
may be screwed on the cylinder D, by means 
of the brass fittings, g g g. An equal height 
above the base is marked on each. 
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In using the apparatos, the piston E is first saspended freely from the 
balance bj its wire for the purpose of taring it; it is then broagbt back 
to its place and the cylindrical Yes- 



Fig. 129. 



Fig. 130. 





sel H screwed on, the piston again 
attached to the balance, and the 
board ABC arranged directly 
under the hook. The wire must 
be long enough to allow the bal- 
ance to stand horizontally, when 
the piston is above the cock F. 
Water is now poured in up to the 
mark, and in the opposite scale of 
the balance enough weight added 
to preserve equilibrium. If desir- 
able, we may note the weight at 
which the piston begins to sink, and that at which it commences to rise 
again, so as to obtain the mean, and to eliminate the very slight friction. 
The piston should not be greased, but fit tighly without ; in any case, oil 
must be used and not lard. The wire is now unhooked, and the piston 
allowed to sink below the cock F, through which the water escapes. The 
same weight which was necessary for the cylinder of uniform diameter 
will also maintain equilibrium when any other vessel, as J7, is employed. 
No experiment for estimating friction can be made with these vessels, as 
the height of the column of fluid varies with the motion of the piston. 
We may also calculate beforehand the required counterpoise from the 
diameter of the base and the known depth of the piston below the mark. 
If the one vessel be actually of equal size with the cylinder, the water in 
it may be poured into the opposite scale 
to show that the pressure on the bottom 
ii really equal to the weight of the mass 
of water which was in the cylinder. In 
this case, however, we must not overlook 
tiM weight of the other pan which is 
attached in order to hold the water. 

Haldaffs apparatuB depends upon the 
law of the equilibrium of various liquids 
in communicating vessels, and there- 
fore only admits of an indirect esti- 
mation of the pressure on the bottom. 
It ia represented in fig. 131. In a box of tin is fastened the bent glass 
tube ahCf which, on the one side, projects above the box, and on the 



Pig. 131. 




Fig. 132. 
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other, ends in ao iroa cap with a stopcock r. The tabe is filled with 
mercniy oearly ap to the cock. 0& the iron cap can be screwed the 
cjlindrical Tcssel d, which is filled with water, and the height to which 
the mercnry is driven in the other leg indicated by the slide p. If 
ether ressels than d be screwed on and filled with water up to the 
same height, the mercury will always rise as before to the point p. 

Since the veHsels which are attached instead of iZ are never high, and 
the roercary cannot be raised above the cock, it ia well to poor a little 
colored water in the tube n as an index. 

[81] The upward preBBure of water.— in this experiment, 
we may make nse of the glass chimney of a lamp, fig. 133. 
The lower edge is ground even and finished with fine emery. 
For the bottom we may take a piece of plate glass (, which 
is cut round and then ground even on another plat« with 
emery; a string is cemented to it with sealing-wax. The 
string is easily torn off from this glass plate ; it is there- 
fore better to make it of brass. A rounded brass plate is 
cemented to a piece of wood turned round and even, and 
then gronnd plane. When this is done, a hole is bored 
through the middle, a screw cnt, and a 
hook inserted. The hook, in place of being 
screwed in, may ire riveted. 

In using the apparatus, no grease mnst 
be allowed between the plate and the edge 
of the glass cylinder, as this would prevent 
the plate from dropping off from the tnbe 
when drawn gradually out of the water; 
and also when water is poured into it, 
nuless the water was raised higher within 
than without. To make the apparatns 
neater and more durable, it should be fur- 
nished with brass mountings, as seen in 
fig. 133, which shows also the mode of 
making the experiment* 

[82] Cominunicating vessels.— 
Two glass tubes of different diameters (the 

* All IheM eiperiments actually indicate one and ths sam* law. Every teacher 
will, bowever. have already learned how difBcult it is to ooDvej to aeholars ao 
clear an Idea of tbe presBure of water ae to enable tliem to apply it to all caaei. 
It ia therefore not at all iDperflDODi to illustrate the law by the moat varied 
•xperimenta. 
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n the Other is 
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leui; not mora than i inch) ara cemented ioto n base of tin, a h, 

fig. 134. To einplo; mercaiy and vater, an arrangement like that of 

fig. 135 is used. The 

tob.l.,a«...ii.ch ^S"*. «9. 136. «S. 136. 

in diameter. The 

mercnrj is first in- 

trodaced by means 

of a fannel into the 

long leg and then 

the water. The 

amonot hj which the 

height of mercnry in 

one colnmn exceeds that ii 

to the height of the colamn of water 

inrersel; as the speciBc gravities. 

The experiment is also instrnctive in 
aaother form, in which a partial vaconm 
is created rimaltaneouslj in two tubes 
connected together and standing in dif- 
ferent liqnids. The liqnids will rise to 
a height inTcrsely proportional to their 
specific gravities. The best way of 
making the experiment is, according to Mohr, to puss the ends of the 
tabes throngh a cork tied (fig. 136) into the mouth of an india-rubber 
bottle. The bottle is pressed together with the hand, and, rctnrning by 
its own elasticity, sncks np the liquids. A mde scale may be marked on 
the tnbes with indian-ink. 

[83] Floating bodies. — To demonstrate the law, that the center 
of gravity of bodies immersed in water, when it does not coincide with 
that of the water displaced, must lie deeper than this, a piece of lead 
may be cast in a cork, and so adjusted that the specific gravity of the 
mass shall be eqnal to that of water. This is easily attained ; bat unless 
the cork selected be very free from cavities, it will not long remain so. 

To show that the center of gravity of a body floating on water does 
not necessarily lie deeper than that of the water displaced, but that its 
podtion at the same time will not be arbitrary, we may make use of two 
elliptical rollers, one of them constmcted of very light wood, and the 
other of a cork ^ to 2 inches in diameter. Soch rollers are in stable 
eqnilibrinm only when the short axis of the ellipse is vertical. The place 
of the metocentmro may also be marked upon the base, if it be deemed 
Bzpedient to go into sncb minntie. 
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It may readil; be shown by the rollowiog experiment, that noder cer* 
t^n circamstauces the center or gravity of floating bodies may be at rest 
„. ^ 1q two positions. A piece of tbick 

brass wire or a cylinder of lead is in- 
serted in a lai^ cork, as shown of 
half size in fig. 137, half-way between 
center and circamference, and near 
the opposite ude a thinner wire. If 
it be rightly arranged, the cork may 
float with the larger wire npper- 
most; bnt when shaken rerj ronghly, 
it will turn ovtr. If the thick wire be too heavy, it may be remedied by 
cutting the cork and filing. For the cork in fig. 137, the large wire 
weighs S3 grammes, and the smaller 10 grammes. 

To show that a floaUng body sinks deep enongh to displace an amonnt 
of water eqaal to its own weight, take a tin vessel 2 or 3 inches in 
diameter, with a lateral outlet near the top ; fill this with water nutil it 
ronsover. A floating body of considerable size is then laid in the water, 
and the amonnt displaced caaght as it escapes from the tabe, and meas- 
nred or weighed ; this weight will be found equal to that of the body as 
previously ascertained. A piece of wood or a properly loaded glass bulb 
will he best for the float. Great care is required in this ezperimenu 
[84] Loss of weight in water. — The apparatus shown in fig. 138 
IKg. 138. 




is intended for the demonstration of this law. It consists essentially of 
a hollow cylinder c, which can be suspended from a pan, and has beneath 
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ft hook on wbieb Cfto b« hang the aolid cyliDder p, fitting exactly in c. 
The two cylinders are novr Baspended on one end of a balance, after 
remoTing the scale-pan, and eqnilibriam restored bj meanB of veights. 
A vessel of water ib next set underneath, in which the cylinder p is 
entirely sobmei^ed ; the eqailibrinm will again be destroyed, but rentored 
by exactly filling c with water. The vessels majr be made by the tinner; 
bat it will be best to constmct them of brass, and tnro them bo that p 
ihall fit ftccaratflly in c. 

A second very instructive experiment may be made with the same 
apparatus. A glass of water is balanced in one scale after the cylinder c 
has been snaponded from the other. On suspcuding -p in the vessel of 
water by means of a string held in the band or attached to a stand, eqni- 
Gbrinm will be disturbed, and again restored by filling c with water. 

[85] The Cartesian devlL — a glass bulb, ^ to ^ inch in diame- 
ter, with a little tube terminating in a fine aperture, 
Olsstrates the principle of this experiment much better ^^' 

than the ordinary figures made of opaque, colored glass. 
Both the bnlb and figures are filled by gentle warm- 
ing with a spirit-lamp and subsequent Immersion of the 
aperture in water. The bulb shonld float near the sar- 
face, and any excess of water may be removed by 
suction. When the bladder tied across the top of the 
vessel, fig. 139, is pressed upon, the bulb will sink, re- 
turning when the pressnre is removed. When the 
apparatus b intended to be permanent, the water is 
raixed with alcohol, and the bladder replaced by India- j 
robber. 

[86] Determination of specific gravity, (a.) wuhiheitai- 

once, — The general mode of procedure is well known, and the precautions 
necessary in weighing will be found under the description of the balance. 
Tbe finest possible wire must be employed, and, if the weight of the body 
allow it, a human hair, with the oil removed by lye. In either cose, the 
weight of the wire or hair must be ascertained. An unavoidable error in 
this method Ues in the fact that the loss of weight of the hair in water is 
ascribed to tbe body weighed. This error may indeed ba avoided by 
placing the body in question in a glass vessel with ground cover, as is 
done with powders which are to be determined. Nevertheless, as the 
setsibility of every balance decreases with the load, the possible error of 
weighing thus becomes greater, and alone may exceed the slight loss of 
wci^t of the body. Thus a greater error will in general be incurred 
than the one intended to be avoided. 
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For palveralent or soft organic sabstaoces, a small bottle with groand 
stopper most be used ; for larger masses of soft consisteDcy, a scale-paii 
suspended by the finest thread, the absolute weight of which =p and its 
specific gravity = s have been previously ascertained. If the weight of 
the body be 'p'^ and the loss of weight of the whole system ?i, the specific 

gravity of the body will be = ^^~"^. 

sp' 

Bodies lighter than water are attached to a heavier body whose weight 
and specific gravity are known ; the loss of weight of the heavy body, 
subtracted from the loss of the whole system, gives the loss of the lighter 
body. 

For liquids, we make use either of a glass vessel with ground cover, or, 
still better, of one with narrow neck and a thermometer tube ground in 
as a stopper. In the first case, the edge of the glass and the cover are 
ground with sand and water on a plane glass plate; when the sand 
has cut everywhere uniformly, levigated emery is employed, and the two 
ground on each other. If a stopper is to be ground in, the neck of the 
glass must first be ground ronghly by means of a conical brass tap on a 
lathe. The glass tube, drawn into a conical shape in the lamp flame, is 
then fastened in a chnck on the lathe, and ground in the neck of the 
vessel with sand and emery. 
The latter process is much more difficult than the former. In any case 

the vessel must be as light as possible. The 
t\g,\v3, weight of the vessel when empty, and also when •^*fl'-^l**- 
filled with water of a given mean temperature, 
say 60° F., are ascertained by repeated experi- 
ments, and marked on a card attached to the 
apparatus, or else scratched on the glass. 

In the case of liquids which evaporate readily, 
as alcohol, the wide-mouthed vessel is not a 
convenient one, as the liquid presses out between the vessel 
and the cover, and evaporates copiously over the large sur- 
face ; in consequence, small bubbles form on the inner wall of 
the vessel, and when the weighing is nearly completed, addi- 
tional weight must be continually taken ofif. If a glass ves- 
sel with narrow neck be not at hand, we may weigh some 
insoluble body in the liquid, and then in water, thus obtaining 
very accurate results. In this case, it will be best to use a 
massive piece of glass, or a glass bulb, an inch in diameter, 
fig. 140, which, before sealing up, has been loaded with mer- 
cury. Instead of a bulb, a glass tube, fig. 141, 1^ to 2 inches 
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Fig. 143. 



long, mod ^ of an inch wide, may be emplojed. It should be snspended 
bj a Terj fine platina wire, to admit of the determination of acids. The 
weight of the bolb in air and in water of given temperature is ascertained 
and marked down, so as to render only a single weighing necessary. It 
is conTcnient to have a piece of lead which exactly balances the bulb in 
tlie air ; when this is immersed in a liquid, the weight placed in the 
shorter scale-pan gives directly the loss of weight. Under all circum- 
stances, care must be taken that no air-bubbles adhere to the body 
immersed. Careful cleansing with alcohol, if necessary, and previous 
wetting in another vessel of water and passing a camel's-hair pencil over 
the surface, will generally secure the desired 
end. The method just described has the ad- *^' 

vantage of requiring very little of the liquid, 
which is often desirable. Minute quantities 
may be weighed in a little pipette, like fig. 142, which is filled by suction. 
A new pipette must be employed for every dififerent liquid. 

[87] (6.) WUh Nicholson's areometer. — In the arrangement of this 
apparatus, it will be found convenient if the sieve in 
which bodies are placed in weighing can be suspended in- 
verted, in order to admit of bodies which are lighter than 
water being placed underneath; this may be done in the 
form represented in fig. 143. When it is intended not to 
use the areometer for liquids, it is made of thin brass plate, 
and care must be taken to have the body conical at a, other- 
wise it will sink too suddenly when over- 
wdghted. When the instrument has once sunk 
to the pan 6 so as to wet it, it must be dried ; 
but to avoid this trouble, as well as to prevent 
the contact of the instrument with the sides of 
the glass, a wire fork, as in fig. 144, is laid 
across the top of the vessel so as to embrace 
the stem. 

The sensitiveness of the instrument depends 
upon the delicacy of the stem c ; to have this 
therefore as thin as possible, it is constracted of hard, drawn brass wire, 
screwed into the body, and soldered with soft solder, to make an air- 
tight joint The mark in the center of the stem is a fine file scratch, 
mnning entirely around. 

Body, pan, and sieve are made of equal width, so as to be kept in one 
paper ease. The sieve and bulb are kept in a special division. The 
proportions of the instrument must be such that, when empty, it shall not 
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sink to the upper cone, and, when sunk to the mark, the limit of stable eqai- 
libriam shall be nearly reached, so that the greatest capacity may be 
obtained in proportion to its dimensions. With the dimensions given in 
the figure, this will be attained when the brass used does not weigh over 
0*5 gramme to the sqaare centimeter ; it is reduced somewhat in thickness 
by finishing with pumice-stone on the lathe. A cheap substitute for the 
brass instrument may be made of a medicine phial, by filling the cavity 
Fia 145 ^^ ^^ bottom partially with sealing-wax, and inserting the 
stem in this; shot are inclosed in the phial sufficient to 
cause it to float erect though entirely submerged, when 
weights are laid on the pan. The cork is then pared off 
smooth and covered with sealing-wax. Fig. 145 shows 
such an areometer. The substance to be weighed is laid in 
the cavity of the bottom. 

For each instrument, the weight required to sink it to the 
mark at a given temperature must bo accurately ascertained 
and marked on it ; it will then be only necessary for obtain- 
ing the weight of the body in air to deduct the additional 
weight required to bring the stem down to the mark from the above 
quantity. 

All these instruments are more or less inert, t.e. with the same weight 
they remain at different depths in the water. The weight must therefore 
be so adjusted that the instrument shall oscillate to equal distances above 
and below the mark. This is easily done by gently raising and sinking it 




Fig. 146. 



Special care must be taken to remove air-bubbles from 
the holes of the sieve, where they are very apt to adhere with 
great tenacity. 

To use the areometer for bodies lighter than water, the 
sieve is inverted, as in fig. 146, and the body placed under 
it To use the instrument for liquids, weight the pan until 
it sinks in the mark to the test liquid. Its entire weight 
(when not loaded) and the tare are marked on it 

In all these experiments, observations of temperature, 
and the consequent corrections, are indispensable. For sim- 
ple instruction, however, this may be passed over, as the 
error arising from this omission cannot easily amount to a 
unit of the second place of decimals, and the coincidence 
of an experiment with a table of specific gravity is sufficient, 
if it reach to this place. 

[88] (c.) The graduated areometer. The volumeter, — 
To explain the theory of this instrument, take a thin glass tube of as 
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Dniform diameter u possible, abont 1 ceotinieter in thickness and from S to 
4 decimeters in length. Close it below, make the bottom eveo, and widen 
the npper end slightly, to take off the sharpness. Place this in water, and 
load it with shot and some wax. until it swims Terticalljr. Divide the re- 
maining space into two parts, a b, fig. 14T, nod c d into 100 eqnal parts, to 
be laid olT on a slip or paper, and continued over the apace a c. 
When the nnmbers are properly marked, cat awajr the lowest, ^ Fig. li^. 
or ^ and attach drops of sealing-wax to the fonr comers of 
the strip, which most be aboat half as broad as the circnmfer- 
ence of the tube. The paper is now bent orer a thermometer 
tube, and poshed into the tnbe until the hundredth diviaion comes 
opposite to c; it is then attached, by gently warming the tnbe 
oppoaite to the comers of sealing-wax. A cork, prerioDsly 
eoated with sealing-wax, is then placed in the aperture. The 
loading of the tube is so arranged that the scale sinks to the hun- 
dredth mai^, when immersed in water at the tern peratnre assumed. 
To obtain an extended range, it will be necessary to have two 
instmments, one for heavy, the other for light liquids. In the 
case of the voliuneter for liquids heavier than water, the scale 
may be made directly ; for the lighter, however, it will be neces- 
sary to take a liquid whose density, as determined by the balance, 
is 0'8. The point to which the volumeter sinks will then be 
195, and the interval between the water-mark and the other is 
to be divided into 26 parts, and the remiuning space on the 
same scale. Tolerably wide tubes are necessary in this mode 



of conttmctian, and the degrees obtained 
are ibort; they may be conTeniently re- 
placed by narrow tubes, and larger divi- 
riooa; for this, however, it will be neces- 
•ary to have a bulb at the lower end. It 
wfU be found cheapest to purchase such 
instranteDts ; they shoald, nevertheless, be 
tasted before osing them. This is done 
by immersion in a liquid of known specific 
gravity, and observing — (1) whether it 
indicates the same specific gravity; (2) 
whether it sinks to the prop« muk in 
pare water; (3) whether the degrees are 
all eqoaL In order to be qnite certun 
that the tnbe is everywhere of the same 
thickseaa, it must be tested in several 
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liquids of known speciBc grarities. However simple, theoieticallf, ibt 
Tolameter may be, it is not eo in practice, and can nerer come into 
eitensire use, as it always reqaires some calcnlation, even if qnito simple, 
and promises no greater accnracy than the areometer, which is divided 
directly for specifii; gravity — only the accuracy of its gradaation is more 
easily controlled. The following method is to be employed for areometers 
of aneqaal divisions. 

[89] Testing areometers. — The gradaation is laid don-n on thick 
paper, on a somewhat larger scale than conid possibly be nsed for an 
areometer. On the entire scale is constructed an isosceles triangle, fig. 118, 
and a straight line drawn from each division to the apex. To prove an 
areometer scale by this triangle, lay it apoQ the triangle parallel to the 
base, and at sach a part that the extremities of the scale rest on the 
two sides of the triangle. If graduated properly, the division of the 
scale will also correspond to the lines of the triangle. It will be conve- 
nient to draw lines on the triangle, parallel to the base, at short in> 
tervals. Fig. 148 represents this for the alcoholometer of Trallea. 

Fig. 149. 




[90] The graduatUlg apparatus. — The gradnation ia effected 
by tnstrament- makers on tlie same principle as that just stated, and it is 
easy to construct a more or less perfect instrnment of this kind. On a 
solid, stout plate of seasoned wood, 3f N, fig. 149, the wooden strip a b 
rotates on the pin a, having at the other end b the steel edge c d perpen- 
dicular to 3f N. The strip e f is attached to the edge opposite a; it 
has a slit in which a brass or iron bar cnn be fastened by two screws, g k. 
There are several similar strips having along their edge some one of the 
nsnal unequal graduntions; one is divided into equal parts. 

The mliug board A B can be slid on the plate M N, and nnder the 
strip a b; it is kept constantly parallel to e / bj the two guides 
m m, n n, and may be fixed at any point by the two screws, p q. Into 
this board is let the broad iron ruler I, which can be moved along 
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in a rabbet by means of the strip a h, and a pin riveted to ^ ; it roust 
move easily, bnt always maintain its direction perpendicular to e f. 
Beneath the ruler is a depression in A By in which the scale to be divided 
is laid. An additional arrangement may be attached to the ruler, for the 
purpose of scratching or marking off the divisions, when this must be 
done more accurately and rapidly than by hand. 

Now, if such an instrument as the alcoholometer of Tralles is to be 
graduated, its loading is so arranged that in water it shall sink to a, 
fig. 150, after the paper with its sealing-wax corners has already been 
slipped into the tube. The approximate length of the tube is ^-^ j^q 
ascertained by a previous experiment. Alcohol of a known 
8{>ecific gravity is next taken, and its percentage of pure 
spirit ascertained from a table; the areometer is placed in 
it, and the point to which it sinks marked : suppose the spirit 
to be 80 per cent, and c the point. The proper temperature 
of the liquid is indicated by the zero of the inclosed ther- 
mometer, which has a peculiar graduation. The length a c 
is taken off on the paper strip, which is then laid on the 
ruling board A B of the graduating machine at such dis- 
tance from the brass strip e f (Tralles^) that when the 
strip a b moves from to 80, the ruler I traverses the space 
between the two marks on the paper. The strip a 6 is then 
brought back, so that c d clicks in the notch marked 0; it is 
then carried from division to division, and corresponding 
marks made on the paper strip by means of the ruler 2. 
After the graduation has been completed, the paper is fixed 
properly in the tube again, the corners melted fast, and the '^ 
top of the tube fused together without any loss of glass. In ascer- 
taining the arbitrary but tolerably elevated point c of the scale, a 
normal instrument is generally made use of, instead of determining the 
specific g^vity of the alcohol employed by the balance. 

[91] Tralles' hydrometer, besides Tralles' scale, usually has 
a second one, giving percentage of weight of the alcohol; to this the 
thermometer melted in the wide part of the areometer has reference. It 
has its zero at 60° F., and is graduated to single degrees. They are so 
large that when the temperature of the liquid is higher or lower than 
the normal by n degrees, the instrument shall stand higher or lower, 
inversely, by n degrees of Richter's alcoholometer, than it would at the 
normal temperature. In this case, we first read off the otherwise useless 
Richter scale, and then see what degree of Tralles' corresponds to that 
of Richter thus ascertained. 
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As these iDBtrnineDts are rather long, it will be neceisary to have Iiigh, 
narrow cfliodere to coqUid them. A form like that in flg. 101 will be 
fooud vtTj coDTeDient for reading off, when the ressel is nearly fnU. The 
oaaal form of the Bichter's scale rests apon incorrect MBnmptions, and, 
in fiwt, does not ooiocide with the true per- 
centage of alcohol; for this reason it Is 
>• . I^^^^ '"''}' "^f"' ^°' ^^^ above- mentioned cor- 

rection. 

[93] The areometers of Beok, 
Beaiuue, and Cartier have entirely 

arbitrary scales, with degrees of equal 
length. These, \>j the aid of a table, 
may, likewise, be nsed for ascertaining 
BpeciGc gravity; sach tables an to be 
foand in moat of the works on phyaica. 
Their constrnction la easily intelligible, 
from what has already been said on the 
Babject, when we know their arbitrary fixed 
point. They are beat tested by means of a 
liquid uf known specific gravity, with the 
assistance of the tables referred to. 

Beanmc's areometers are made in the 
following way : the one for liquids lighter 
than water sinks to zero in a solution of 1 
part of com;non salt in 9 parts of water, and to 1 in pure water ; the inter- 
val is divided into 10 eqnal parts, and 40 anch degrees marked above. The 
other, for liquids heavier than water, sinks to zero in pure water, and to 
15 in asolotion of 15 parts of salt in 85 parts of water; the interval is 
divided into 15 eqnal parts, and 70 added below. The temperatare 
taken is "the mean temperatare of the air." On this acconnt, and the 
imparity of the salt, these instmments are not very accurate, and scarcely 
indicate the speciGc gravity correctly to the second place of decimate. 
The table annexed is according to Francoeur. 

The start! ng-poiut in Cartier's areometer is still more uncertain ; the 
degrees are somewhat longer, and the whole scale stands ^° deeper. 
According to Francoeur, 16° Cartier ^ 15° Beanme 4- 22. 

Beck's areometer is at zero in pare water, and 30 at the specific gr&ntf 
of 0-85, (water — 1 ;) the temperature is + bib° F. 

[93] Speoiflo gravity areometers.— The graduation of are- 
ometers for immediately indicating specific gravities was formerly veiy 
diificalt, and for that reason the instrument was not in much favor. As, 
however, we can obtain the speci&c gravity fW>m the volumeter scale, fig. 
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158, when in the equation y = , we BnbstitQte for x the variooB read- 
it^ of the Tolnmeter, so inversely we can from x = — - find the poioto 

of the volnmeter scale a b corree- p-g 153. 

ponding to the specific gravity ; that 
is to say, the points of a scale divi- 
ded into 80 parts, bnt bearing num- 
bers from 50 to 130, where the point 
50 correspondB to a specific gravity 
of 8-00, and 100 to 1-0; calcnlatini; 
in this way the divisions of the scale 
for the specific gravities 1'9, I'S, 
etc to O'l, we shall God as parts 
of the scale 52-63, 55 55, 5881, 
68-50, 66-66, 11-43, 76 92, 83-33, 
W-90, 100-00, 111-11, 125-00, 
149'85. This table must, how- 
ever, be calcnlated for the specific gravities to the eecond place of deci- 
mals. The proportional part« are transferred to the normal scale, having 
given to it snch a length that, for gravities of from 2 to 1, the nnmbers 
must be carried ont, at least to the second place of decimals, and from 1 
to 0-7, to the third. This range is always divided between two areom- 
eters, coDstnict«d as directed for Tralles' alcoholometer. 

All this preenpposeB a perfectly cylindrical tnbe; bnt as this is never 
realized, these areometers will not give the specific gravity exactly, nnless 
constrncted according to the veiy elaborate process of Brisson and 
Schmidt. The same difficulty exists in reference to all other areometer 
Males, that of the volnmeter not excepted. With a little care in the selec- 
tion, tabes good enongh for ordinary use may be procored, and those who 
require sbsolnte accoTacy, will always have recoarxe to the bslance. 

The following table contains the distanceB of the divisions for specific 
gravis areometers, and those of Tralles. In tbe first table, the length of 
the scale, that is, tbe base of the isosceles triangle, fig. 148, or the length 
of the strip on e f, fig. 149, is considered as divided into 5000 parts for 
liqaids heavier than water, and Into 4285 for those lighter. The table 
then indicates at what point of this division any specific gravity occnra. 
In the latter, the graduation is possible for the third place of decimals; 
the interval, however, is divided into eqaal parts only, as no error worth 
notfcing can occur. The table itself shows this, for it contains the divi- 
nona to tbe third place, for the extreme case, specific gravity TO to OTl- 
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TABLE FOB TBALLES' HYDBOldBTEB. 



1 


DiTidonona 

■ealaof 

2697 parts. 


SpeeUlegraTity. 
Water at 

+4» C. = 
10000. 


Degrees. 


DiyisloD on a 

iic«le of 

2597 parts. 


Specific grsTity. 1 
Water at 
+4» C. — 
10000. 


! 


9 


9991 


61 


786 


9316 


1 


24 


9976 


62 


768 


9296 


1 2 


89 


9961 


68 


782 


9275 


t ^ 


54 


9947 


64 


806 


9264 


' 4 


68 


9988 


65 


880 


9284 


6 


82 


9919 


66 


864 


9218 


6 


95 


9906 


57 


879 


9192 


7 


108 


9898 


58 


905 


9170 


8 


121 


9881 


69 


981 


9148 


9 


188 


9869 


60 


967 


9126 


10 


145 


9867 


61 


984 


9104 


11 


167 


9845 


62 


1011 


9082 


12 


169 


9834 


68 


1089 


9059 


18 


180 


9828 


64 


1067 


9086 


14 


191 


9812 


65 


1096 


9018 


15 


202 


9802 


66 


1126 


8989 


16 


218 


9791 


67 


1164 


8065 


17 


224 


9781 


68 


1184 


8041 


18 


285 


9771 


69 


1216 


8917 


19 


245 


9761 


70 


1246 


8892 


20 


256 


9761 


71 


1278 


8867 


21 


266 


9741 


7? 


1810 


8842 


22 


277 


9781 


78 


1342 


8817 


23 


288 


9720 


74 


1376 


8791 


24 


299 


9710 


76 


1409 


8765 


26 


810 


9700 


76 


1448 


8789 


26 


821 


9689 


77 


1478 


8712 


27 


882 


9679 


78 


1614 


8686 


28 


844 


9668 


79 


1550 


8668 


29 


865 


9657 


80 


1587 


8631 


80 


867 


9646 


81 


1624 


8608 


31 


880 


9684 


82 


1662 


8675 


32 


898 


9622 


88 


1701 


8647 


33 


407 


9609 


84 


1740 


8518 


34 


420 


9596 


85 


1781 


8488 


35 


484 


9688 


86 


1828 


8468 


36 


449 


9670 


87 


1866 


8428 


37 


465 


9666 


88 


1910 


8897 


88 


481 


9641 


89 


1955 


8365 


89 


498 


9626 


90 


2002 


8832 


40 


515 


9610 


91 


2060 


8299 


! 41 


588 


9494 


92 


2099 


8266 


42 


551 


9478 


98 


2160 


8280 


43 


569 


9461 


94 


2208 


8194 


44 


588 


9444 


95 


2259 


8157 


1 4o 


608 


9427 


96 


2318 


8118 


46 
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9409 


97 


2380 


8077 


47 


648 


9891 


98 


2447 


8034 


1 48 


669 


9878 


99 


2519 


7088 


49 


690 


9854 


100 


2507 


7939 


50 


712 


9885 
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TABLE OF SFECIFIG QRAVITIBS, 

Aooarding to Beaume's and Beck's Hy drometersy for liquids heavier 
than water, at the temperature of 64*6^ F. 



D6|^M1. 


BmamL 


Beck. 


Degrees. 


Beamnft. 


Beck. 





1-0000 


10000 


89 


1-3451 


1-2977 


1 


1-0066 


10059 


40 


1-8571 


13077 


2 


10188 


1-0119 


41 


1-8694 


1-3178 


8 


10201 


10180 


42 


1-8818 


1-3281 


4 


1-0270 


10241 


48 


1-8945 


1-3886 


6 


1-0840 


1-0808 


44 


1-4074 


1-8492 


6 


1-0411 


1-0886 


45 


14206 


1-8600 


7 


1-0488 


1-0429 


46 


1-4339 


18710 


8 


1-0556 


1-0494 


47 


1-4476 
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48 
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1-5888 


1-4912 


18 


1-1848 


1-1184 


57 


1-6000 


1-5044 


19 


11428 


1-1258 


58 


1-6170 


1-6179 


20 


11515 


11838 


59 


1-6344 


1-5816 


21 


11608 


1-1409 


60 


1-6522 


1-5454 


22 


11692 


11486 


61 


1-6706 


1-5596 


28 


11783 


11565 


62 


1*6889 


1-5741 


24 


11857 


1-1644 


68 


1-7079 


1-5888 


25 


1-1968 


1-1724 


64 


1-7278 


1-6088 


26 


1-2068 


1-1806 


65 


1-7471 


1-6190 


27 


1-2160 


1-1888 


66 


1-7674 


1-6846 


28 


1-2268 


11972 


67 


1-7882 


1-6506 


29 


1-2358 


1-2057 


68 


1-8095 


1-6667 


80 


1-2469 


1-2148 


69 


1-8818 


1-6882 


81 


1-2562 


1-2230 


70 


1-8537 


1-7000 


82 


1-2667 


1-2319 


71 


1 -8765 


1-7172 


88 


1-2778 


1-2409 


72 


1-9000 


1 -7847 


84 


1-2881 


1-2500 


78 


1-9241 


1-7526 


85 


1-2992 


1-2698 


74 


1-9487 


1-7708 


86 


1-3108 


1-2687 


75 


1-9740 


1 -7895 


87 


1-8217 


1'2782 


76 


20000 


1-8086 


88 


1-8838 


1-2879 
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TABLE OF SPECIFIC GRA.VITIES, 

Aooording to Beaume's, Beck's, and Cartier's Hydrometers, for 
liquids lighter than water, at the temperature of 64*5° F. 



* 

1 p^,^ 


BeMni6. 


Cutler. 


Beck. 


Degrees. 


BeMunA. 

0-8742 
0-8690 
08689 
0-8688 
0-8588 
0-8488 
0-8489 
0-8891 
0-8848 
0-8295 
0-8249 
0-8202 
0-8166 
0-8111 
0-8066 
0-8022 
0-7978 
0-7985 
0-7892 
0-7849 
0-7807 
0-7766 
0-7726 
0-7684 
0-7643 
0-7604 
0-7565 
0-7526 
0-7487 
0-7449 


Ourtler. 


Beck. 









1-0000 
0-9941 
0-9888 
0-9826 
0-9770 
0-9714 
0-9659 
0-9604 
0-9660 
0-9497 
0-9444 
0-9892 
0-9340 
0-9289 
0-0289 
0-9189 
0-9189 
0-9090 
0*9042 
0-8994 
0-8947 
0-8000 
0-8854 
0-8808 
0-8762 
0-8717 
0-8678 
0-8629 
0-8585 
0-8542 
0-8500 


81 
82 
88 
84 
86 
86 
87 
88 
89 
40 
41 
42 
48 
44 
45 
46 
47 
48 
49 
50 
51 
52 
58 
54 
56 
56 
57 
58 
69 
60 
... 


0-8707 
0-8652 
0-8598 
0-8545 
8491 
0-8489 
0-8887 
0-8886 
0-8286 


0-8467 
0-8416 
0-8874 
0-8883 
0-8292 
0-8252 
0-8212 
0-8178 
0-8188 
0-8096 
0-8061 
0-8018 
0-7981 
0-7944 
0-7907 
0-7871 
0-7884 
0-7799 
0-7768 
0-7727 
0-7692 
0-7658 
0-7628 
0-7589 
0-7556 
0-7522 
0-7489 
0-7456 
0-7423 
0-7891 


1 






2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

18 

14 

16 

16 

17 

18 

19 

20 

21 

22 

28 

24 

25 

26 

27 

28 

29 

80 




•••••■••• 












........ 












1-0000 
0-9982 
0-9865 
0-9799 
0-9788 
0-9669 
0-9605 
0-9542 
0-9480 
0-9420 
0-9859 
0-9300 
0-9241 
0-9188 
0-9125 
0-9068 
0-9012 
0-8957 
0-8902 
0-8848 
0-8795 






1-0000 
0-9922 
0-9846 
0-9764 
0-9695 
09627 
0-9560 
0-9498 
0-9427 
0-9368 
09299 
0-9287 
0-9175 
0-9114 
0-9054 
0-8994 
0-8985 
0-8877 
0-8820 
0-8768 
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Fig. 168. 



[94] Capillarity.— For {llaatratmg the fundamental bets of capU. 
Urity, bent glass inbes maj be emplojed, as seen Id fig. 153, with the 
wider limb half an inch in diameter in the clear ; the cBpIllary tubes nnited 
to them should be of different degrees of 
fineness, ^m tvo lines to that of a ther- 
raomet^r tube, and in series of abont foor 
for water and as man; for mercnrj. Those 
belonging to a set may be fastened to a 
board having a graduation in inches and 
tenths for each tube. For the watery 
liquids, a deep bine, as i solntioo of 
ammoniacal oxyde of copper or of indigo 
will be best : whichever be employed, care 
mast be takeo to wash oat the tnbes after 
using, as otherwise the residnom of the 
Bolotion, on drying, will choice np the 
tubes, and greatly interfere with snbse- 
quent experiments: The mercurial arrange- 
ment should be kept filled. With liquids 
which wet the glass, tiie tubes should be 
incliDed toward the smaller limb, so as to 
wet the glass for some distance up, otherwise the greatest elevatiou will 
not be attained. 

For experimenting with glass plates, take two pairs cut from plate 
glass, from 3 to 4 inches long, and from 2 to 3 broad, and grind off 
their edges. Four pieces of thin sheet brass, of naifonn thickoess, 
are then laid at the fbnr comers, between one of these pairs, to make 
parallel plates. 

Four other pieces of sheet brass, two of tbem the thinnest procurable, 
the others 1 or 2 lines thick, will eoable us to give the remaining plates 
an iDclination to each other; each pair may then be bound around sereral 
times with waxed thread. The same liquids may be employed for experi- 
menting OS recommended for the tubes. After using, the plates must be 
taken apart, well washed, and combined again, in readiness for the next 
experiment. Absolute cleanliness is required with these plates, as when 
only slightly soiled the ontlines of the liquid will not be straight in the 
parallel pair, nor hyperbolic in the inclined. It is best to immerse the 
plates entirely in the liquid, in order to wet them inside. 

Bulbs, from ^ to ^ inch in diameter, made of wax and glass, will 
conveniently illustrate the experiment of attraction and repulsion of 
floating bodies. There is no difficulty in performing the experiment in 
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water, bat in meTcnr; the glass bolbs do not siok deep enoagh. This 
dUBcnltf maj' be obviated bj hair Blling the balbs with mercary, and thea 
DwItiDg over the apertare. The snrfoce of the mercuiy, id performing 
the experiment, most be perfectlj clean. 



Fig. 1S4. 



Fig. 155. 



Fig. loG. 




For the experiments on attraction, between im- 
memd plates, take thin plates of glass or mica, 
attached to threads b; means of wax, Ggs. 151, 
155, 166 ; if they we not designed to be wetted, thej' 
need ooly have a film of grease on the snrf'ace. 

To make pins, needles, etc. float upon water, it is 
only oecessarj to draw them a few times between 
the fiogen; in this way they get a thin coating 
of grease, which proUcts them from the water. 
When carefnllj laid on, tliey will exhibit the same 
relation, botb toward each other and the sides of 
the TCBwl, as the floating ballit. , 

[95] EndOSmOSiS.— The inner vessel, 6, fig. 
15T, shonid have a flange at its wider opening, so 
u to admit of tying on a piece of bladder eecnrely. 
A Teasel of lacqaered tin will answer for some ex- 
periments, bnt it is better to procure at once a 
snitable glass vessel. The narrow tube may be of 
abont the size of that used for barometers, and is 
inserted into the neck by means of a cork. The 
inner Tessel may be supported by passing the tnbe 
through a disk of wood, which covers the exterior 
TCBseL Both vessels sbonld be filled to the same 
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height, the inner with a concentrated eolation of salphate of copper or 
alcohol colored with cochineal ; the outer with water. 

For an experiment with snlphnric acid and water, the clay cells nsed 
in the constant galvanic battery will be found very convenient All that 
is necessary is to place one in a glass vessel and fill it with one of the 
liquids, pouring the other round it in the glass. 

(c.) EXPEBIMEVTS OH GASES. 

[96] Tonioelli'S experiment. — For the preliminary explana- 
tion of this experiment, pour mercury into a rather high glass cylinder, 
and introduce a glass tube, open at both ends and just wide enough for 
the effect of capillarity to disappear. Pour water into the cylinder, and 
its pressure will cause the mercury to rise in the inner tube. As this will 
be the case with all fluids, the mercury must rise in an empty tabe when 
the external pressure is that of the atmosphere. 

Again, take a glass tube, 86 inches in length and about ^ inch in 
diameter, hermetically sealed at one end. It must be kept perfectly 
clean, and when not in use the opening should be closed by a cork. 
The mercury must be perfectly clean : should it leave any impurity in the 
tube, a new one must be taken, or the sealed end opened and the tube 
cleaned by wiping it out with pieces of soft blotting-paper on the end of 
a wire. When barometer tubes are dirty they retain bubbles of air, 
which rise in the Torricellian vacuum, and thus interfere with the result 
The cistern should be wide enough to permit the immersion of the open 
end, with the finger applied to prevent the escape of the mercury. These 
tubes should be left full ; the tube is inclined until the mercury touches 
the top, the bottom closed with the finger and the tube inverted ; in this 
position it is hung up by a waxed string tied tightly around it 

The tube is filled through a stiff paper funnel, as directed in § 76, or 
the mercury must at least be passed through such a funnel, to remove 
dust and oxjdized metal, before being introduced into the tube. The 
mercury can be cleaned still better by agitation with warm dilute nitric 
acid, and afterwards with water ; it is then dried with blotting-paper. 
To make the experiment more accurate, the tube and mercury should 
both be warmed, and the mercury poured in through a long, narrow 
funnel tube, drawn out to a fine point. When the tube has been filled to 
within about ^ an inch of the top, it is closed with the finger and inverted 
several times ; the air which occupied the open space, in traversing the 
tube gathers the minnte vesicles which adhered to the sides. The tube 
is next filled entirely, and inverted in the cistern of mercury, with the 
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finger over the apertare. The experiment should also be made with 
tabes shorter than 30 inches. 

The mercary used in these experiments shoald be kept for this special 
parpose; that nsed for mercurial troughs or for electrical purposes is 
Qsuallj alloyed with other metals. 

Another experiment which belongs here is the following : A glass with 
groond edge is filled full of water, and a sheet of paper laid over it so as 
to inclose no air bubbles. If a board or a book be now laid on it, the 
glass may be inverted, and held up in an inverted position without 
spilling the water. If the glass be set on the table in this position, the 
paper may be withdrawn, another sheet slipped under it, the glass then 
slid apoD the board again and turned upright A sheet of good stiff 
paper, not much larger than the glass, should be used to insure success. 

[97] The barometer. — ^Barometers are among the instruments 
which it is better to buy than to construct for one's self. Besides the art 
of filling them so as to be perfectly free from air. a good dividing machine 
is required for the scale. 

It wUl be best to have, for purposes of demonstration, in addition to 
the cistern barometer, a simple siphon barometer, with the shorter leg 
contracted near the bend, to admit of being closed up by a rod wrapped 
with cotton. If possible, it will be best to have a good mountain 
barometer, to be nsed for scientific purposes. The characteristics of 
A good barometer will be fonnd in any text-book of physics. 

Should it, however, on account of the fracture of the tube of a valuable 
barometer, or for any other reason, be necessary to fit np a barometer 
tabe, one should be chosen not too thick in the glass, and carefully 
efeaoed before sealing it np. 

The required amount of mercury is then boiled in a porcelain capsule ; 
the tube itself heated along its entire length, and then filled through a 
fiuioel, for about two inches, with the hot mercury. The bottom of the 
tobe is DOW heated over a spirit-lamp nntil the mercury boils, taking care 
to tarn the tnbe round and round continually ; this is to be kept nearly 
Tertieal, and the operation should be performed over a large flat capsule, 
to preTent the loss of mercury in any possible breakage of the tnbe. 
With proper precaution, however, there is little danger of this. The tube 
most be heated anew along its entire length, and a few additional inches 
of meicnry introduced, the same operation of heating being repeated; the 
heat should be applied a little below each fresh portion of mercury. 
Whea the tube has been filled in this way to within half an inch of the 
top, hot mercary is poured into the remaining space. A paper comet, 
cut off at the bottom, shoald previously be attached to the top of the 
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cistern, hy means of pftste and thread, aerring aa a fannel for the mercnrj 
which IB poured in, filling the cistern and part of the coraet The finger 
Is now placed on the filled tnbe, which ig next inverted into the cistern. 
After remoTing the funnel or cornet, the excess of mercury is poured oat 
of the cistern ; enough, however, being left to have its level correspond 
with the zero of the attached scale. The tube may be finally fixed in the 
nock of the cistern by bits of cork, or by an entire cork previously fitted 
on the tnbe ; this must, however, have a small aperture to admit the air. 
In observing the barometer, the mcrcary must be gently agitated to 
obtain the proper level, even with a tolerably wide tube. The level of 
the top of the convexity of the mercnry must be observed and the eye 
held in the same level, to avoid the error of parallax. This is very easily 
done by holding a piece of mirror behind the tnbe, and placing the eye 
BO that the top of the colomn coincides with that of the image. The 
barometer must hang perpendicularly during the reading. 

After purchasing a cistern barometer, it shonid always be Oftrofnlly 
measured, to ascertain whether the parts of the scale which are marked 
are at the right distance from the level of the mercury; if not, the error 
shonid be corrected by adding or taking away mercnry. 

In removing a barometer, it must be gently inclined until the mercnry 
fills the whole tube, and the cistern then closed if there is any provision 
Fig. 158. '*^i^ ^^'B' ^'^'^ inclination will show whether the tnbe is 
free from air, or whether an air bnbble remains at the top. 
For distant transportation it is always completely inverted, 
and the opening for the admission of air previously closed. 
In setting it np again, care must be taken that the mercnry 
in the cistern shall nnite with that in the tnbe before the 
latter begins to move, so that no air shall be introduced 
into the tube. 

As Hnygens's double barometer and wheel barometer 
are (Vequently seen, it will be well to take advantage of 
an opportunity to obtain them cheaply for the purpose of 
illnstration, though they are not used for scientific purposes. 
[98] Iffariotte'B law.—To illnstrate this law for 
condensation, we make use of a tnbe hermetically sealed at 
one end and bent ronnd, as in fig. 168. This tube is 
fastened to a board by strips of brass, after a strip of 
paper, divided into inches and tenths, has been attached; 
this is to be numbered from below upward, and varnished 
with white shellac. The tnbe need not be more than 30 
36 inches long, as the law can be shown by caknlation, 
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. 159, (in section.) 
Fig. 159. 



even whea the pressore does not amoaat to entire atmoaphereB. Longei 
tabes mftj, howerer, be made, if deemed Decessarj, b; aniting several 
joinU b; means of iron feniles an inch long. 

Id experimenting, enough mercar; is introdaced to fill the bend and 
stand at the same height in both legs ; this ma; reqnire a continoed 
tildng of the tnbe one way or other, to let air in or oat of the short leg. 
When accomplished, thia height is marlied. Mercury is now ponred into 
the open end, np to aboat s ; the mercnry of the short leg by advancing to 
m will compresB the air to a volnme, b m, and if B be the height of the 
barometer at the moment, then ab : mb^B-\-n s : B. If the tobe be 
long enongb the pressure may be increased by whole atmospheres, and 
tiie rolome of air rednced snccessirely to ^, J, j, etc., for which reason it 
is conrenient to have the original volume a Dumber of inches divisible by 
3«td 3. 

To demonstrate the same law for rarefaction, we may ase a glass tnbe 
ftboat 30 inches high and two wide, closed at one end and funnel 
riiaped at the other. Snch a tnbe can readily be obtained at any gloss 
hoDse. It shonid be cemented into a solid wooden foot, to guard against 
break^e, or, still better, placed in a frame, as i 
Tbe enlai^ment above is not absolutely neces- 
iHj; it is, however, convenient, that the level 
v/l the mercai7 may not change essentially 
during the experiment. It can easily be made 
by catting off the bottom of a bottle and cement- 
ing the tnbe into the neck. Any tube of saffi- 
dent width will answer for the experiment, even 
witbont being fused together at one end, if it be 
cemented tightly into the hole in the bottom of 
^am frame, 6g. 159. The narrow gloss tnbe 
used is ground flat on one side and there divided 
off into inches, the mark being mode withindian- 
ink. In the experiment, the large tube is filled 
with mercury, and the narrow one inserted so 
fiir that only a few inches project; the end is 
then closed with the finger, and the tube drawn 
out nntil the contained air is made again to 
occupy BOy ^ven whole number of inches, when 
the height of the colnmn of mercury in the 
inner tnbe is measured. The experiment may 
•bo be made with a tube closed at one end, by 
putially filling it with mercury. 
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Fig. 160. 



In experiments, both for condensation and rarefaction, the same scale 
mnst be used as that of the barometer which may be on hand, as the 
indications of the latter instrument mnst be introduced, and complicated 
reductions will thus be avoided. This should be contracted for when an 
instrument is ordered from the maker. 

[99] The air-pump.— This instrument is of the first importance, 
both to the amateur and to the teacher, and, at the very outset, as good 
an instrument as the funds will allow should be procured. For the 
amateur as well as the chemist, a hand-pump, i,e. one without lever or 
guides, will answer most purposes, if well constructed ; a few minutes more 
or less expended on an experiment make no difference. Fig. 1 60 shows 

such an air-pump, intended to be screwed on a 
table ; the vessels to be exhausted may be con- 
nected by caoutchouc tubes with the arm a or 6; 
or a glass tube, 30 inches long, reaching down 
into a vessel of mercury below the table, may be 
connected to 6, to indicate the degree of ex* 
haustion. It is a good plan to have soch an 
air-pump furnished with a screw clamp by which 
it may be attached to the table. When the air- 
pump has no plate with its stop-cock, special 
arrangements will be necessary for the experi- 
ments to be described. The case is very differ- 
ent in the school, where a number of experi- 
ments must usually be gone through in a short 
time. In this case the instrument should be 
large, with double cylinders if possible ; per- 
fection of action is not so necessary, as experi- 
ments before classes rarely require any very 
great amount of rarefaction. 

An important consideration in respect to the 
air-pump is the greater or less facility with 
which it can be taken to pieces and cleaned. 
A new air-pump should always be tested by a good barometer, to see 
whether it performs ail that is claimed for it, and whether it closes 
tightly. In respect to the first, we remark that the experiment should be 
tried either with no receiver at all, or else with a very small one. The 
second point is ascertained by exhausting the air to the proper degree, 
and then watching the barometer gauge to see whether any air penetrates. 

[100] Management of the air-pump,— The air-pnmp, fix)m 

its nature, requires very careful handling if it is to render good servke 
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for a long time. Above all, cleanlmess is necessary, and it she aid there- 
fore be taken to pieces once a year and carefnlly cleaned thronghont, 
after which fresh grease should be applied. This can be done most con- 
renienUy when the air-pump experiments for the coarse hare been 
finished. 

Experiments on boiling water in yacuo, and on freezing water, by the 
eraporation of ether, almost necessarily require the cleaning of the air- 
pump after them; on which account they should be performed imme- 
diately after the air-pump experiments proper. The cleaning is best done 
with blotting-paper, which may be at first moistened with alcohol; after- 
wards the piston and cocks should be greased afresh. The grease must 
be applied to the piston, and not to the cylinder : in the latter case the 
raperflaouB grease would be pushed to the bottom, and prevent the 
complete descent of the piston as well as stop up the tubes. For the 
pistons we may employ hog's lard ; for the cocks, tallow, or a mixture 
of this with an equal quantity of lard. The piston rods and rack should 
be oHed. It will be well to keep the grease covered in a vessel, and 
especial care should be taken to have it entirely free from grit. 

It is a good plan to pour a stratum of oil ^ to ^ an inch deep above the 
pistODt which acts like the grease in the stuffing-box of a steam-engine. 
The piatons close better and work easier, but they must fit tight enough 
to prevent the oil from running down into the cylinders. 

Should it be impossible to keep the air-pump in a glass-case, make a 
cover of pasteboard, to protect it from dust 

A good rule for keeping the air-pump in order is never to attempt 
moving the piston when the instrument is cold ; thus in winter it shodd 
be kept hi a warm room some time before use. 

The edge of the receiver should be rubbed with a tallow candle, or a 
mixture of lard and beeswax, before being placed on the plate ; well 
ground receivers, however, require no grease. 

The motion of the lever must be slow at first, as the air in the narrow 
channeb requires time to diffuse itself in the entire space; the audible 
Idsdng of the air, or the continued sinking of the barometer gauge, will 
indicate the rapidity of exhaustion ; as rarefaction proceeds, the movement 
of the piston may be accelerated. Without this precaution much labor 
win be lost, and the trouble of making air-pump experiments greatly 
increased. Scholars, however, or unskillful assistants, do not possess the 
knack of moving the handle regularly, and irregular action is always very 
i^jnrioQS to it 

A receiver should never be removed from the plate of the air-pump 
ilien the air within is in the least degree rarefied, without previously 

8 
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letting in the external air. Removal should be effected by sliding the 
receiver off the edge of the plate, rotating it slightly in the operation. 

For every experiment, the smallest possible receiver shonld be selected. 
Yery small receivers may be readily made by taking glass tamblers, with 
stout bottoms, and grinding off the edge. 

[101] Minor repairs of the air-pump,— When the pirton 

becomes loose by long usage, it may for a time be repaired by screwing 
up the movable disk on the lower face of the piston. The plugs of the 
stop-cocks have a tightening*screw, by means of which too great freedom 
of motion may readily be corrected. If, however, neither piston nor 
cocks can be tightened in the way mentioned, the instrument should be 
returned to the maker. It is only in case of absolute necessity, or of 
competent skill, that recourse should be had to fresh, grinding of the plug 
in the hole, by means of oil and fine pumice. 

The glass layer of the plate is sometimes loosened from the subjacent 
metal, in consequence of the unequal expansion of the two substances by 
heat In this case, the plate is unscrewed, each part heated separately 
until the cement flows readily, the glass laid fBce downward on a table, 
protected by several layers of paper, and the metal tightly and accurately 
pressed down upon it, ^ith a twisting, concentric motion. After cooling, 
the expressed cement is removed with a knife. In case of fresh cement 
being needed, it may be made of shellac, with ^ of wax and the same 
quantity of turpentine. 

If the air-pump is found to leak in any part covered with leather, this 
must be replaced with fresh. Chamois leather, saturated with a hot 
mixture of tallow and lard in equal parts, is best for this purpose. A 
small stock of such leather should be always kept on hand. If the leak 
occur where glass is cemented in, the part must be unscrewed, heated, 
the glass removed and freshly cemented with sealing-wax, care being 
taken to warm well both glass and metal, (section 45.) 

[102] Experiments with the air-pump.— (i) A bladder 

partly filled with air and tied tightly expands when placed under the 
receiver of the air-pump and the air exhausted, which may be carried so 
far as to burst the bladder. This bladder, unless preserved under the 
receiver of the air-pump, is apt to be eaten through by insects. Small 
india-rubber bags may be used for the same purpose. 

(2) The expansion of the air may be shown by a glass matrass, nearly 
filled with water and inverted in a tumbler of water, which is placed 
under the receiver, fig. 161. Bubbles of air are at the same time extri- 
cated from the water. 

(8) The receiver is fastened on the plate by the pressure of the air. 
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Care is necessarf to atoid injuring tbe air-pamp by efforts to loosen the 
receirer. 

(4) The Magdehvirg hemispheres. The best way of exbibitiDg this 
ezperiment is to attach a 



weight to tbe lover hemi- 
■pben by a book, or else to 
bare the lower festened 
to a board, and the ring 
of the npper to the abort 
trm of a lever, at the oppo- 
nta end of which weights 
nay be attached. In 
thia way the exact force 
required to pnll apart the 
hemiepheres can be estima- 
ted. The ground edges of 
tbe hemisphere shoald be 
coated with tallow. It 
ihonld first be shown that 
the henuBpheres may be 
easily aeparated when filled 



Mg. 161. 




Fig. 163. 



(5) Bursting of bladders. Id this experiment, take a fresh bladder, 
well blown ont, and tie it tightly over a cylinder or open receiver of metal 
or glaae, 3 or 4 inches is diameter, groand on both edges. The upper 
end should have a bead around it to fosten the bladder better, fig. 162. 
Immediately before the experiment, the bladder must 
be thoroughly dried by a hot fire or stove ; with- 
oat this precaution, there is great danger of a fiulure 
in the experiment. A thin glass plate may also be 
brokeo. If level euongh to fit air tight on the receiver; 
tbe h(de in the plate mnst in this case, as well as in . 
maoy others, be covered in snch a way as to prevent 
the splinters fhim getting into tbe pipes, which may be 
done by laying a piece of felt inside the receiver. The 
emunanication with the barometer gaage, in such ex- 
periments, must be cut off, to prevent injury from tbe sudden entrance 
of air. 

(6) The barometer, placed under the receiver of an air-pump, falls 
daring the process of exhaustion. For this very instructive experiment, 
■ik* a Ugh, narrow receiver, fig. 168, ont of a large glass funnel, and a 
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long glass tube, hermetically sealed at one end. A fenile of brass or tin, 
an inch or more long, is then procured, fitting over the ends of the two 

glass articles when in contact Bj 



JPV^. 163. i^^. 164. JV^. 166. 



a 



means of sealing-wax, a perfectly 
air-tight joint is made ; the funnel 
most, of coarse, be groond off 
at the rim. For the barometer, 
may be used a Torricellian tnbe 
withont scale, fig. 164, fitted into a 
bottle by a cork. All snperfiuoos 
mercnry must be poured out of the 
bottle before inserting the cork, to 
avoid the danger of running over 
when the mercury descends in the 
tube. Care must, of course, be 
taken to have the tube so narrow 
as not to hold too much. Another 
very good form for this experiment 
is shown in fig. 165. An air-pump 
receiver, open above, is fitted with 
a brass collar with two tubes: in 
one tube is fitted an ordinary siphon 
barometer, in the other a double 
bent tube with a vessel for mercury. 
As the air is exhausted, the mercury 
rises in the latter, while it sinks in 
the barometer. In this case, also, 
caution is necessary in admitting air. 
(*l) Wood is specifically heavier than water. To show this by means 
of the air-pump, confine a block at the bottom of a tumbler of water by a 
weight. Place this under a receiver, exhaust the air, and then let it in 
again ; the pores of the wood will thus be filled with water. The lightest 
wood will be found to remain at the bottom after removing the incum- 
bent weight 

(8) Sound ceases under an exhausted receiver. The experiment may 
bo tried by means of an alarm-clock placed under a receiver, or by means 
of a bell suspended from the top. In either case, the experiment will fail 
if the apparatus touch any of the solid parts of the pump. The alarm 
must, therefore, be set upon a loose bunch of fine hemp; or the bell 
suspended by an untwisted thread of the same material 

(9) Water boils at a low temperature, say 90^ F., when the atmo- 
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spheric pressure is removed. To perform the experiment satisfactorily, 
make use of a small receiver, and a high, narrow vessel of water. With 
too large a receiver, the working of the pnmp will not carry off enough 
of the watery vapor, which of itself wonld keep the boiling point 
from sinking, and with a wide water vessel too mnch vapor will be 
formed. Ether evaporates still more readily. To show this, put some 
water into a narrow glass tube, sealed at one end, and drop in a small 
quantity of ether : invert the tube in a small vessel of water, and place the 
whole nnder the air-pump. On exhausting the air, the ether will vaporize 
and drive out all the water from the tube, to be again condensed on 
readmission of the air. 

(10) To bring water to the freezing point by its evaporation, assisted 
by salphnric acid or by the vaporization of ether, the broad, shallow 
vessel containing it must rest on pieces of cork, to prevent conduction of 
heat The ether is best, but the experiment should be performed at the 
close of the course, as its vapor acts injuriously upon the grease of the 
air-pomp. A rapid exhaustion will be necessary for success. A neat 
form of the experiment consists in setting a watch-glass filled with ether 
into another partly filled with water: the two glasses will be frozen 
tc^iher. 

Strong acid must be used for the experiment, of which fig. 166 shows 
the details. The upper watch-glass containing the water is set into a 
ring, fisstened by its stem to a board, on which rests the flat vessel 
c<mtaining the acid. As it is difficult to get acid of sufficient concentra- 
tion to work satisfactorily, it will perhaps be best to adhere to the 
other. 

Fig. 166. Fig, 167. 





(11) The expansion of confined air will burst a vessel when the out- 
ward pressure is removed. For this purpose, we may best use thin, blown 
bolbs, fig. 167, of an inch in diameter, flattened at the bottom, and the 
stem sealed after cooling. 

(12) To show that a light goes ont in rarefied air, place a small 
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Fig. 168. 



baralDg wax light in a recelrer tall enoDgh sot to be affected bj the 
best. The ligbt will be fonnd to go ont with a few strokes. 

(18) Steel gives no sparks, and gunpowder bnrna without explosion 
tn a TBcantn. Fig. 168 explains the geDeral featoree of the arrangement 
by which tiiis can be 
readily shown. The le- 
ver arrangement a is set 
off by means of a rod 
sliding throagh a staff- 
Ing'box. Powder may 
be set on fire by means 
of a lens within an ex- 
haosted rsceiTer; bnt it 
will be fonnd to bom 
away slowly withont ex- 
plosion. 
(14) The dphon will not act in a vacnnm. For this experiment, 
constmct a siphon ont of a thermometer tube, as in fig. 169; the opening 
at o is closed with the finger while the tube is being filled by snctioo. 
The experiment can only he made with certainty with mercury. This is 
poared into a rather high glass vessel, and a lower one set by its side to 
receive the oatflow. The opening in the tnbe at o may readily be made by 
closing one end and blowing strongly into the other, when the convexity 
at is softened over a spirit-lamp. 




BSg. 169. 



Fig. no. 




(15) If one leg of a donbly bent glass tnbe, open at both ends, be 
inserted, air tight, into a vessel half fall of water, a, fig. 170, the other 
end dipping into b, and the whole placed under the air-pnmp, rarefaction 
ontaide will canse the air in a to expand and force the contained water 
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over into 6. If the tobe is vertical, a Hiero's fonntaia of the simplest 
coDEtmctiOD Till be obtained ; if this latter be broaght under the ai> 
pnmp, eare moat be taken not to contanne tbe esperiment too long, else 
water will get into the pnmp, which wonld be iojorions in other experi- 
menta. 

(16) The following experiment is instractive for tbe theory of tbe 
suction -pnmp, A large tube, or a high, narrow receiver, A, fig. ITl, is 



Fig. 173. 



Fig. 173. 



Fig. 175. 



fitted witb a brass cap B, into which tbe ping C is 
screwed ; this has a tolerably wide apertare below, 
into which a stoat glasa tube, nearly as long as the 
receiver, is cemented; the rest of the ping is perfo- 
rated with a fine hole. It has a flat head, on which 
a valre of oiled silk is fastened, similar to that de- 
scribed in No. 25 of this section. On C7 is screwed 
the small ur-pnmp D, the piston of which has a 
similar valve, shown in natural size in fig. 172. A 
mercury cnp is placed under the receiver, into which 
the tube dips. When the small pamp is worked, 
llj; ' HI the mercury will be drawn up, which will not taka 
place when the air in the receiver is eahansted. 
One stroke of the pump raisea the raercnry sufficiently 
high; the valves may therefore be dispensed with 
and the pnmp screwed directly on the mounting B. 

(17) A very simple apparatus for the quicksilver 
run may be made out of a lamp chimney, fig. 173, 
with the lower end ground oft Into the other end is cemented a piece 
of walnut wood (shown in section iu fig. 174;) a second piece, fig. 175, 
ia fitted into the bottom, to receive the mercury as it fUls through, and 
prerant even a drop fh)m getting into the tur-pump. 
(18) The balance manoineter. To one arm of a small balance, 
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Dg. 116, provided with a support, is attached s large, hollow metal ball, 
soldered air tight, which is balanced by a solid ball on the other ride. 
The balance must have an adjusting screw a, as the changes of pressnre of 
the air disturb the eqnilibrinm. In an ezhansted receivei the lat^ ball 
will sink, because it had been bnojed np bj the air more than the solid 



Fig. 1T6. 



I^. 177. 




(19) It frequently happens that air is to be rarefied in a Tessel which 
can neither he screwed to the air-pnmp nor attached to the plate. For 
this the caoDtchoDc tubes, recently invented, are very convenient. To one 
end is bstened a, brass tube, fig. 177, with double- milled head, to &cilitate 
the screwing on to the pump. 

(20) Gondenaation of air. If the air-pnmp is arranged for conden- 
sation as welt as rarefaction, attention ronst be paid, at every experiment, 
to the cocks, for the purpose of ascertaining whether they be properly 
adjusted or not If, for instance, the apparatus be u^nstfid for conden- 
sation, and a receiver be placed on the plate for rarefaction, the adhenon 
between the two will be sufficient to retain the receiver, which, at the 
second stroke, may be thrown entirely off. The receivers, in which the 
wr is compressed, should be made of glass, ^ of an inch thick, so 
that it will not be necessary to cover them with wire gaute, which 
nearly destroys their transparency. It is better to have a separate plate 
for this purpose, to which the receiver may be screwed down, as in fig. 
178. 

(21) A manometer of the simplest character may be constructed out 
of a glass tube closed at one end, and of nearly equal diameter throngh- 
out; this is divided into inches and tenths, by means of ink or scratches. 
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ind then inwrted into a Tessel vitb mercury, b; means of cork or leather. 
It is not advisable to nse the air-pnmp for condensing to more than tiro 
atmoBpberes. 

Fig.ns. 

-^ ^ ^ ^f ^ Fi9. 179. 





(22) If air be forced into a Hiero's fonntuo, the escape pipe of 
which is prorided with a stop-cock, oa in Gg. 179, jets of varions kinds 
maj be Bcreved on after removing it fi'Oiit the air-pnmp. The metal of 
which this fountain is made mnst be at least 1 millimeter thick, and will 
then bear, with the dimensions assigned, a pressnre of two atmospheres, 
if the seams are hard soldered. 

(33) A. flattened glass bnlb, sncb as described in No. 8, is cmshed in 
the condenser. 

(24) If the inside of the condenser be moistened and the compressed 
air allowed to escape saddenly, the whole receiver will be filled with 
Tapor, owing to the rapid lowering of the temperatnre. 

(35) Determinations of the specific gr&vitj of gases will scarcely form 
part of an experimental coarse. For this it will be sufficient to sbow the 
dUTereDce in weight between a glass balloon filled with air and the same 
emptied ; and agun, when filled with condensed air. A glass tnbe may 
be used to exhibit the same experiment. We may, in this place, describe 
the mode of drying gases, as it will come into play in other experiments. 
A glan tnbe, some 3 feet long and i to | inch in diameter, fig. 180, is 
filled with chloride of calciam, and closed by corks. The corks are 
perforated either by a hot wire or else by the cork borer, so as to admit 
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at each end a glass tube from 1 to S Imee thick. The stoppers an tbea 

cut dovn to the level of the Urge tube, and bound with strips of caontcbonc 

Fig. 180. 



The apparatus thas arraaged ia coonected fint with the receiver or bag 
holding the gas, and thea with the exhausted balloon, after enoagh gas has 
been farced through the tube to expel all the atmospheric air. 

In determining the relative Epecific gravitias of ^r and water, involving 
the filling of the ballooa with water, espeeia] care most be taken in drying 
again, which can only be accomplished effectnally by repeated admisBloo 
and exhaustion of dry air. For this reason the experiment is not well 
adapted for school instruction. The volume of smaller vessels may be 
determined by means of mercury. If no vessel vrith stop-cock be at hand, 
and it be merely desired to show the difference in weight between a vessel 
fall of air and one empty, any thin flask may be made to answer the 
porpose, by clodng the mouth vrith 
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, good cork, pierced by a hot 
wire and driven in up to the top. 
A piece of oiled silk is tied tightly 
over the stopper and the end of the 
vessel, and two parallel cuts made 
in the ailk, a short distance on each 
side of the perforation, fig. 181, and 
on a larger scale in fig. IS2. In 
this way we obtain a very simple 
and effective valve, applicable in 
many other cases. The flask, after 
being weighed, is placed under the 
smallest receiver possible, and the 
air exhausted, after which it is 
again weighed. A pint flask will 
answer for the porpose. By the 
intervention of the contrivance, fig. 
183, the flask may I>e connected by 
flexible tnbes with a hand pnrap. 
By inserting the end b in the flask, 
it may be used for condensation. 
The corks are varnished with seal- 
ing-wax. 
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(36) HUl of bodiet in a rarefied medium. Tho simplest mode of 
exhibiting this experiment ia by t^ing a glats tnbe, from 2 to 3 feet long 
waA ttom 1 to 1^ inch in diameter, with tight brass caps at both ends, ukd a 
stop-eock at oao end. A conpla of bits of ietter-peper and a leaden shot 
are introduced, and the difference in the time of falling exhibited before 
ezhamtion, by repeatedl; inverting the tube. The same is done after 
ezhaiuUoD. A feather will take longer to fall 
than the paper, but there is more danger of its ■^- 1^^- 

■ticking to the rides of the tube, in consequence 
of greaae or electrical action. 

A glass should be selected which is a good 
insulator, so that it may also be nsed for electri- 
cal experiments. There are nnmerons arrange- 
nenta Ibr letting the two bodies &11 at the same 
instaat, bnt thej all require the receiver to be 
eiliaiisted for ever; descent; in the way de- 
scribed it can be repeated quickly, if not distinct 
the first time. 

[108j The air-^un. — The form of this 
varies so mnch that » detailed description 
would be nselesB. Some care must taken in 
diar^g the magazine. When it is donbtful 
bow many strokes of the condenser the magazine 
will bear withont bursting, it is safest to ascer- 
tain the relative capacity of the two by filling 
tbem with oil, and measure the thickness of the 
metal. The negative space, i.e. the space 
between the valve of the magazine and the 
piMoB, is often so large as to render an over- 
chai^ impossible. 

In cbarpng the gun, the magazine is screwed 
OD to the condensing apparatus, fig. 184, the 
erost-bar of the piston rod held firmly under 
the feet, and the magazine moved rapidly np 
and down, the piston being drawn out far 
enoi^h at each stroke to admit the air throngh 
the lateral aperture, and then quickly thrust 
down Bgun. The piston mnst not move too 
tightly, for the operation is very fatiguing. 
Very few air-gnns will ret^n a full charge over 
94Iioini. 
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[1043 The Biphon.— A Biphoo with Bnction tube, fig. 18&, U nseftd 

to explain its action. White sucking, the end b is closed with the finger, 

liff. 186. and care it necessary to aroid drawing the liqnid into 

: r7\\ ^ the month. Such a siphon maj be made bj cracking 

off the bottom of a Cologne bottle, and fitting it up as 

shown in fig. 186. 

We hare already given an experiment with the siphon 
In No. 14 of the air-pump eeriea, (p. 118.) Another 
may be shown by taking a tumbler and cementing ait 
tight on it a Un cover, with two short tubes in it, fig. 18T. 
Into one ia tightly fitted a bent giaea tabe, the other 
being for the introduction of water. If the siphon is set 
in operation, the flow will continae as long as the aper- 
ture a Is open, but will cease on closing this with the finger or a cork. 
The cup of Tantalus may readily be constructed by any tinner, after fig. 
I^. 186. Fig. 1S1. 





i^. 188. 
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188. The siphon serves as a handle and opens in ths raised bottom of 
the cup at a, while the other end is on a level with the foot On filling 
the cup with water, this will immediately run off, and empty the vessel 
completely. If a glass vessel with an opening in the bottom is at hand, 
a carved uphon maybe fixed in it with a cork, fig. 189; or, as in fig. 19(^ 
simply a strdght tube with a lai^er tube closed at one end inverted over 
it. This tube mnat be a little longer than the inner one, and not so high 
as the top of the vessel. The water will flow ont as soon as it reaches 
the top of the siphon. Small bottles with- the bottom cut off, and the 
neck set m a wooden loot, will answer the purpose. 
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X riphon irith an air chamber may be made b; taking a Gologoe water 
bottle and cntdog off tbe apper part, jnat below tbe neck. Two tabes 
u* inserted through a good tight cork, the shorter being drawn into a 
Fig. 189. Fig. 190. Fig. 191. 





JV<7. 192. 



Fig. 198. 




foiat and i»vjecting more than the longer, fig. 191. On sacking at tlie 
low«r end of the long tobe until water enoagh is drawn over to cover the 
■pper end, we will have a continued jet of water within the bottle. 

Tbe Wirtemberg siphon consists of a tabe bent at an acate angle, 
witb the legs of equal length and the extremities turned np; this may be 
fcODg np filled and ready for immediate use. 

On aeconnt of the general mt of the siphon in decanting fi«m lai^ 
THteli, it is often conrenient to attach a piece of iadia-rabber ti^ to the 
end of &e longer limb, and close this with a clamp made of bent wire, 
Mch an ii shown in figs. 192 and 198. 
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[106] The pipette is a tube of metal or glua, abont 2 inchei 
wide, fig. 194, which can be closed with the tbninb at the top, and ends in 
% fine poiDt less than a line in diameter. 

A great variety of amnsiog toys may be constrnetAd on the 
Fig. 194. same principle; each aa the magic funnel, the widow's erase 
or oil JDg, the vestal's siera, tbe magic can, etc., any of 
which can readily tie made by the tinner. 

The magic funnel, fig. 196, consists of two ftmoels, set 
one inside of the other, leaving a small space between, into 
which the minute opening at a leads ; this opening Is formed 
by the points of the two fnnnels, which are soldered air 
tight together on the upper edge. The handle is partly 
hoUow, and commnnicates above with the concealed cavity; 
it has a small opening at b. The fnnnel is filled after 
closing the nozzle at c, and the liqnid penetrates into tlie 
cavity; as long as the finger is held on the opening at b, 
ibe liqnid will not mn ont of the interspace, while any 
deured portion may be let off by covering and nncover* 
ingft. 

The widow's cruse, on somewhat the same principle, is 
readily intelligible from fig. 19T. 

The magic can, figs. 198, 199, has likewise an opening in 
the handle at b ; after removiag the false bottom m, which is 
only slipped on, it is filled throngh an apertnre in the true 
bottom n, closed by a screw. The spout most, of conrse, 
be a small one. If the can, as shown in plan in fig. 199, be 
I^g. 195. Pig. 196. 




divided by a partition, we can fill in two difi'erent liqnids 
throngh the openings a a, and either or both be allowed 
to flow according to the pressure on the holes b, b. 

The veetaPa sieve, fig. 200, is a vessel of tin, the 
bottom of which is minntely perforated. LIqaids will 
be held in as long as the neck remains closed by a coi^ 
tJ-j stopper. 

A more practically nsefiil application of this principle 
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luj be made Id the constractton of a pipetM, the simplest form of which 
8 of a glass tnbe, ftom 4 to 5 lioes wide, drawn oat to a point at 
Fig. 198. Fig. 199. Fig. 200. 




one end, and at tbe other ho narrowed as to be readily closed with the 
forefinger. The tabe itself may be 5 or 6 inches long, and the sarrow 
extremity from 1 to IJ. 

[106] Hiero'B fountain. — This may be conBtmcted most tArn^j, as 

in &g. 201. The ends of the tobes are made somewhat conical, so at to 

fit mote tightly into the corks. Considerable skill in glass blowing will 

be required to make the fountain in one piece, as seen in fig. 202. Pig. 203 

Fig. 201. 



Fig. 202. 





B a simple constraction in tin of a Hiero's fonntain. The two vessels 
id B have each an opening a b beneath, closed with corks. A is 
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filled witli water by the one, and B emptied, after the experiment, tlironf^ 
the oUier. In addition to the two tabes G D, the two veaaeli, tax 
greater Becuritj, may be connected bj meanB of two Bimilar colnmna, 
having no connection with the vessels. In this form of the apparatu 
the water is again collected la the basin of the opper veasel, and exerts a 
presBore on the lower. 

204, depends on the same principle as 
Hiero's fonntain. It is dirided 



The magical cask, fig, 
F^. 201. 
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into two parts, and the partition 
has an opening above. Wine is 
poared into A, through the open- 
ing a, to be forced ont tbrongh the 
cock E, by the presanre of the 
water colnmn in the tnbe CD; the 
tnbe c of the cock extends to the 
bottom of A. The compressed air 
pa.<»es throngh the opening In the 
partition fh}m B Into A, and, after 
the experiment, B may be emptied 
throngh 6. 

[101] Pumps. — Models of 
snction and forcing pumps had 
better be pnrchased ready made, 
with the cylinders of glass if possi' 
ble. As DO oil can be osed with 
glass cy tinders on accoant of dimin- 
ishing their transparency, the [riston 
most be wrapped with thread, and 
consequently soaked in water be- 
fore use, to make it swell and fit 
Ughtly. If the working of the 
forcing-pump has been explained la 
connection with the Hiero's ball, the 
application of the former in the Sre- 
engine will be illastrated qnite aa 
well as with a special model. 

[108] The intermittiiig 

fountain. — A simple form of this 
apparatus may be constmcted by 
applying a tin cap B GXo i. glan 
veesd A, fig. 305, through which 
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puses the tube D, hanng a sidrII notch ia tiie end ; the cap has also the 
tittle tabes a, h. The top of the second Tessel E forms s basin, and has 
to its center the tube Q, which also has an opening in the bottom of the 
basin; the tube I> is eet on the tube Q, aner A has been filled with 
water throiq^h the former. The small opening A, leading from the bottom 
of the basin into the vessel E, lets less water rnn off into E than is 
discharged bj a and h together. A cork is fitted into an opening in the 
bottom of B, to let off the water. As soon aa .^ ia Bet over the tube Ct 
the w»ter mns ont of a and h and collects in the basin, becanse A dis- 
cbarges less water than these two openings ; the opening of the tube D 
!i thereby closed, air no longer passes through tiie tabe B into A, and the 
flow of water from the latter vessel ceases until more water nins out of 
the baain, when the notch at e becomes ina, and the flow commences 
•gain from a h. 

[109] The manometer. — in order to observe the pressure of 
gases in a state of motion or of rest, open or closed manometers are 
used, which are also known under the name of wind gauges. 

Under open manometers, Welter's safety tube must be mentioned, fig. 
206. It serves in the first place, in evolving gases, to guard against the 
bunting of the vessel, the liqnid 
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Fig. 207. 



in the tube being driven up into 
the fonnel bj the pressure of 
the gas. When the evolution 
ofgae ceases, acid can be poured 
in Ihiongh the tnbe. The mano- 
meters which are used with gas- 
ometerfl and gas pipes to mea- 
mre the pressnre are made ou 
the same principle, and provided 
with a scale for measurement. 
Fig. 207 shows such a pressure 
gauge where the scale is fixed 
to the ascending tube. The 
fluid used Is cochineal water 
mixed with gnlphnric acid. 

To measnre the pressure of 
the air fn blasts, a simple appo- 
ntns of tin plate is used, which 
n shown in fig. 208 about \ the real size, if ^ is a box, of which the 
tabe a a is fitted tightly through a cork, and stuck in an opening in the 
Uowing apparatos. In the short tube h a stout glass tnbe, from 4 to 5 
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inches long, is inserted, and divided into quarter inches. Before the triiU, 
wftter is ponred in tbrongh d antil it stands at the zero of c. Id orgasa 
the pressare is not nsnally over 4 inchss, bat it must remun at the same 
Fig. 208. Fig. 209. 





height when all the Talves and regiaterB ar« open. 
Double bent tnbes, fig. 209, may also be nsed; thejhaTe 
a double reading, tike ttie siphon barometer. 

Closed manometers are generally nsed only for high 
pressare, which is indicated by the compression of a 
portion of air ioclosed by mercury, according to the law 
of Mariotte. Fig. 210 represents a manometer of this 
kind, which may be nsed for steam-boilers, or with a 
Btop-cock in connection with the condensing air-pump. 
It consists of a chamber b b connecting with tbe gas 
through the canal a, and inclosing a Tesael with mercury. 
A strong glass tube is screwed down into ft 6 by a 
metallic cap, and reaches below the level of the merenry. 
The tube ia graduated to atmosphereB. The pressare 
of the gaa forces np tbe mercury into the tnbe, condens- 
ing the air before it 

The manometer is also nsed to indicate the pressare 
of liqnids, e.g. in the hydraulic press. 

[110] Dobereiner's lamp. — The liquid used 

consists of Eulphuric acid, diluted to ^; instead of a 
piece of zinc, it will be best to use a coiled ribbon of 
zinc plate, on account of the larger surface. The 
qaantity of liquid mast be go great as nearly to reach 
tiie cover, Sg. 211, when at ils highest, so as to have as 
great a pressure as possible. Very small machines are 
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not desirable, and care miut be taken to hare the gas chamber large 
eooDgh to snpplj email qnantities of hydrogen. For this purpose 
it will likewise be convenient if the dis- 
charge pipe is 80 fixed as to admit 
of screwing in another tnbe, to which 
glass tubes leading into the pneumatic 
trongb maj be attached by means of 
caontchoac. 

The cock will fit mnch better if the tap 
be iKired longitadinally for the passage of 
the gas, as in fig. 212. 

Althongh the cock described is most 
convenient, tbere are other forms employed 
whicb it is hardly necessary to mention 
here. The points to be attended to in the 
purchase of any kind are whether it fits 
closely without being too tight, and 
whether, after rapid turning bocliward 
and forward, the tap exhibits any traces 

of friction. After a recent filling, or when the apparatus has not been 
in use for a long time, an explosive mixture of the hydrogen with air will 
be found to exist, and on this account care must be taken not 
to ignite it without having previonsly let ont all the gas (with Fig. 212. 
a piece of paper interposed against the platinum sponge) and 
getting a fresh supply. After long standing the platina 
must be heated red hot in the carrent of gae, previously 
1, before its properties will be restored. 

Wbile eueh an arrangement will be found conveuient for small quantities 
of gas, lai^r gasometers will be required for other purposes; they may 
be purchased ready made, and are easily constracted. Similar arrange- 
ments may be used for other gases. Such an apparatus may be made at 
little expense according to Tarrentrapp, in the manner shown in figs. 213 
and 214. For the exterior vessel a candy jar with a tin cover may be 
taken. The cover has two holes on each side, through which a pin 
is itnck to hold the cover fast to the rim of the glass. There is a short 
tabe in the center of the cover into which the neck of the inner vessel is 
fixed by a cork. This vessel is made of a bottle with the bottom cut off. 
The gas tube a is fitted into the neck of the bottle by a good cork ; 
it leads into the vessel A, which is shown on a larger scale in fig. 214. 
Thd tube a passes through the cork nearly to the bottom of the larger 
tube B; a second tube b projects a little way below the cork to conduct 
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off the gas. The tabe B stands ia a little coaicml glus, the bottom 
of which ia filled with mercaiy, so u to close the tube a when tbe glaai 
Fig. 218. 



Fig. il4. 




Pig. 215. 



stands OD tbe top of the reservoir, as in fig. 213. Under A there is a 
hole in the coyer, which is closed with a slip of tin; hj taking away the 
tio, the glass A sinks Into the cover far enongh to nncorer the end 
of the gas tabe a, bot not the tnbe B. It is closed by raising the vessel 
A and slipping the tin nnder it again. 

[Ill] The air-balloon.— Small balloons of gold- 
beater's skin may be purchased ready made, and answer 
very well. To fit these np a small qnill is inserted and 
tied aronnd with fine thread, and a coA fitted to the 
apertnre. The hydrogen gas is collected in a glass 
receiver, with a stop-cock at the top, fig. 215, such as is 
nsed for filling bladders, etc. TTpon the stop-oock is 
fitted a cork with a qnill inserted, and coaled all over 
with sealing-wax. After coUectJng the neeessary 
quantity of hydrogen, and allowing it to cool snlD- 
. ciently, all the air is pressed out of the balloon, which is 
then set over the qnill of the cock, and the receiver 
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depressed into the water of the pneamatic troagh, thas forcing the gas 
into the balloon. This, when filled, is closed with the stopper. Should 
the balloon have become wet, it mnst be blown up, and then allowed to 
dry. It is not advisable to allow the hydrogen to pass directly from the 
generator into the balloon, as, owing to the higher temperature, there 
will be a portion of watery vapor passing over, not to speak of the vapor 
of snlpharic acid. Nevertheless, the Dobereiner apparatus, mentioned in 
the preceding paragraph, may be used, when large enough. 

Balloons made of collodion are lighter still. Such balloons may be 
made by shaking up collodion in a flask holding from 6 to 12 ounces, 
with a short neck of the width of one^s finger, until the sides are moistened 
with it in every part, and then pouring out the excess. After drying, the 
film of collodion is loosened carefully from the neck of the flask and tied 
aronnd a small tube. The air within is then carefully exhausted by 
suction, the film thus gradually detached from the glass and drawn out 

To send np a Montgolfier balloon, it will be necessary to suspend it 
from a thread carried over two pulleys in the ceiling and counterpoised 
by a weight On heating the air within by a spirit-lamp, the balloon 
may be made to rise: or a piece of sponge, soaked in alcohol, and 
fixed inside the hoop of the opening, may be set on fire. Without the 
counterpoise referred to, the volume of the balloon required will be larger 
than is convenient for a lecture-room. 

[112] DifRlsiOIl of gaS68. — This experiment is usually performed 
with carbonic acid gas, poured out of a vessel into a larger one filled 
with air. A wire is bent into a hook, and on the hook is placed a piece 
of wax-candle. If the ignited candle be let down into the larger vessel 
it win be extinguished, but on repeating the experiment soon after, 
leas carbonic acid will be found, and the light will ultimately bum freely. 
In ponring out the carbonic acid, (which also shows its greater specific 
gravity,) the two cylinders must be inclined to each other, and the 
emptying performed slowly; otherwise the carbonic acid will become 
so mixed with atmospheric air that the light will not be extinguished. 

The experiment may be varied, by taking two vessels with equal mouths, 
filling one with oxygen and the other with hydrogen, inverting the 
hydrogen vessel over the other, and connecting the months of both by a 
itrip of india-rubber. In a short time both will contain explosive gas, 
which may be shown by igniting a small portion of it The apparatus 
fig. 216 is still more convenient for this purpose. 

[113] Absorption of gases. — l. When powdered quick-lime and 
sal ammoniac are mixed together and heated in a small retort over 
a spirit-lamp, ammonia will be liberated, and may be collected over 
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mercarj iq a glass tabe about a finger's breadth in diameter, and closed 
at one end. The mercury may be kept in a low tnmbler, 2 or 3 pounds 

being suflBcient. If now the tube, when filled with gas and 
Fig. 216. the month closed by the finger, be uncovered under water, 
this will rapidly absorb the ammonia, and rush up into the 
tube. 

2. Carbonic acid is generated from chalk and sulphuric 
acid, and collected in a tube as in the last experiment. A 
bit of recently-heated charcoal is introduced under the 
mercury into the tube of carbonic acid gas, when it will 
absorb a great portion of the latter. After the experiment 
it will be well to pound up the coal, to recover any mercury 
which may have been absorbed. The gas may be liberated 
from the coal again by placing the apparatus under the 
receiver of an air-pump, and exhausting the air. 

[114] Breath images. — To produce the breath 
images of Moser several methods may be employed, some 
of which are as follows : — 

1. Cut any desired image out of card paper, lay it upon 
a glass plate, and breathe upon it. After the deposit of 
moisture has evaporated, remove the plate and breathe 
upon the plate again; the part formerly covered by the 
figure will condense the moisture in a different manner from the rest, and 
the figure again become visible. The experiment may be often repeated, 
and at considerable intervals, with equally satisfactory results. 

2. On a glass plate well rubbed off with freshly heated Tripoli, or upon 
a plate cleaned ready for a daguerreotype image, place a seal of metal or 
stone which has not been recently cleaned off, allowing it to remain for 
some hours. The plate, on being moistened, will show the image of the 
stamp. Or, inversely, the stamp or seal may be cleaned, instead of the 
plate. Even without fresh cleaning, images may sometimes be obtained, 
although a longer exposure is required. Difference of temperature in 
the bodies facilitates the formation of the images. Instead of breathing 
on the metal plate, it may be exposed in the daguerreotype mercurial 
apparatus to the vapor of mercury, by which means the images will remajil 
permanent. They will also become visible by exposure to the vapor of 
iodine, or, at least, they appear when the iodized plate is brought oat to 
the light. Coins are less adapted to this experiment than seals or gems, 
especially when the latter have a simple drawing or writing on a clean 
surface. 
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(a.) EZPESnCEVTS OH TARIOITS EINDS OF XOTIOH. 

[115] Vree fSllL — The laws of the free fall of bodies are shown by 
meuis of Atwood'a machine, the general arrangement of which ia 
■howm in fig. 217. Ia porchasing this machine, attention should be paid 
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to having a seconds pendalom, which shall 
release the falling weight This release 
can, indeed, be effected by hand, with the 
QM of any other pendnlnni, and the re- 
qniaito elcill may soon Im attained by 
practicfl, bnt this is lost again from year 
to year, and before each new experiment 
fnsh practice is necessary. The wheel 
molt move very easily, and, to secure this, 
it most mn on steel points; the points 
(tf the axis and the JMsringa must be wiped 
clean after ase, to prevent tbeii becoming 
gmnray, and fresh oil mnst be applied 
each time before nsing it Friction 
tdiMls increase the cost of the apparatus 
TBiy considerably, and, if the work be 
otberwiae good, are unnecessary. When 
&e iriteel is a solid disk of uniform thick* 
MM. half its weight most be added to the 
other two weights of the machine, in order 
toealenUte the accelerating weight which 
mast be added : no rule can be giren for 
open wheels, which are lighter, but the 
■eeelnating weight most be determined 
by experiment It is better, therefore, to 
choose a solid wheel To place the scale, the divisions of which shoald be 
about an inch in length, perpendicularly, the arresting Hog is fixed to the 

(136) 
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bottom of the scale, and the falling weight nsed as a plammet; the 
a4JaBting screws are then set so that the weight shall hang over the 
center of the ring. Before proceeding to the actaal experiment, the 
friction mnst be compensated ; this is effected by the disks of tin plate, 
fig. 218, which are laid npon the falling weight, until a slight impulse 
with the finger will cause it to trayerse uniformly the whole 
Fig. 218. length of the scale, without, however, being able of itself to 

M ^ overcome the friction. 

B^P The weight which is to cause the fall is placed opposite 

^^^ of the scale and the ring which arrests it at 4, 9,*16, etc. The 
stage is placed at a distance, corresponding to the velocity of the weight, 
at the point where the accelerating weight is removed; that is, .when this 
weight is arrested at 4 — ^in 2 seconds — ^the number of divisions at which 
the stage is placed below the ring is expressed by 4, 2 X 4, 3 X 4 ; 
when the ring is at 9 by 6, 2 X 6, 3 X €, etc., according as the weight is 
to run 1, 2, or 3 seconds. The stage must be placed so that the top of 
the descending weight will be opposite the required division when it is 
arrested, because the bar is removed when this upper surface of the weight 
passes the level of the ring. For this reason, the length of the weight is 
always made to correspond to 1 or 2 divisions of the scale. When the 
experiment is begun at the first division, with 1 second Ml, the results 
are not accurate, because the influence of the disturbing causes is felt too 
sensibly. 

When the ring and stage are properly adjusted, and the load placed at 
zero, the weights must be brought to rest perfectly, before starting the 
pendulum, otherwise the experiment will not succeed well. Everything 
else depends on the special construction of the machine. It is desirable 
to have the top of the pillar broad enough to support a glass bell over 
the rollers, or else to have the whole running gear movable, so that it 
can be packed away in a box. 

The laws of falling bodies can also be demonstrated by means of balls 
running down a long inclined beam, as was done by Galileo. The beam 
must be perfectly straight, and made of several pieces glued togeth^. 
The groove is formed by two ledges nailed to the sides. It must be 
divided into half feet, and have such an inclination that the ball will 
descend half a foot the first second. The beam must be from 8 to 10 
feet long. 

[116] Motion of projectiles. — The parabolic motion of projec- 
tiles can be most readily shown by means of the apparatus represented in 
fig. 219, in which a ball rolling down the groove a b acquires such a 
velocity as to describe the parabola 6, 1, 4, g. The groove a b forms part 
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«t • circle, ud is catrfDUj smoothed out with pnmice. Care mnBt be 
taken that the horizontal line c d, extending from the end of the graore 
Fig. 219. 




a b along the board 6 e, be actnallr tangent to ihe coire of the grooTe. 
Ai the theoretics! velocitj of projection can nerer be attained, it will be 
best, before describing the parabola, to let the ball roll down the groove 
and thos determine the random bj experiment, and afterwards to draw 
the corresponding parabola c 1, 4, g. The base contains a cavity m n 
filled with sand, to arrest the motion of the ball. Before experimenting, 
the apparatns must be placed in a vertical poaitiou by means of leveling 
Kiewi. The board b e should be made of light-colored wood, so that 
the well-defined line of cnrve 
maj be seen at a distance. ^' 

Ai^ wood may be need if it 
be punted white or covered 
with paper. 

[in] Botarymotion. 

— The laws of central motion 
tn well illnstrated by the 
apparatus in fig. 220. In its 
enential fbatnres it consists 
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of a large wheel A A, connected by an endless cord with a smaller wheel 
Bf on the axis of which yarions appendages may be screwed, and thus 
set in rapid rotation. The latter has one piyot on the base board, and 
the other in the cross-piece c c ; this is eyen on the top, to allow a circular 
board to be screwed upon it, for the performance of a certain electrical ex- 
periment The axis of B, with its screw, must project aboye this board, 
represented in the figure by a dotted line. In constructing the apparatus, 
care must be taken to haye the two wheels in a simple proportion to each 
other, so that the number of reyolutions which the smaller makes in a 
giyen time may be easily deduced from those of the larger. For uniform 
motion, the larger wheel should haye considerable weight, so as to admit 
of the apparatus being used for other experiments than those now referred 
to, e.g. on sound. This can be effected by screwing a cast-iron ring to 
the under side of the wheel. The ring can be cast at any foundry, from a 
pattern cut out of ^ inch board, and the few holes necessary for its 
attachment by screws are easily drilled out. To keep the cord at any 
required degree of tension, the axis of the driying-wheel may be made to 
moye along the base board c c, fig. 221, and secured by a clamp a. The 

Fig. 221. 




axis must then rest firmly upon the cross-piece m m, with a square shoulder 
passing through m m and n n and ending in a screw with a nut and 
washer, which presses both cross-pieces firmly against the base board. 

Instead of this mode of fastening the driying-wheel, the sliding piece B, 
figs. 222 and 223, may be inserted into the base board, carrying the fixed 

Fig. 222. 




axis of tne wheel, and adjustable to the proper tension of the cord by a 
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■crav. In tbiB figure, the driTiag-vfaeel is of iron. The pulley-wheel 
inns OD a screw below, uid the upper end of the axis works in the brace 

Fig. 233. 



(fi^S 



D; this arraDgeraent is, however, not snitable for the attachment of the 
circnlar bMrd before mentioned. 

[118] Experiments with the whirling machine.— Screw 

on to the puller the apparatus shown in fig. 224, y^ the natoral size. It 




Fig. 224. 




consists of a thick block a b, loaded above and below with lead, which need 
not be more than an inch thick, if the driring-wheel is heavy enough. 
Two uprights a c and b d are mortiBed into the enda. A polished steel 
rod e f goes through these nprights, and is faat«ued by a head at one 
end, and a screw and nnt at the other. It sboold be 1 to 1^ lines thick. 
The wooden or ivory ball g slides easily on this rod by a hole through 
the center. Four brass rods h h are fixed exactly in a square at equal 
distances firom the center of rotation, and connected by cross rods with 
screws passing over the wire e/l Two of them serve as supports for the 
pulley i, 80 adjusted that the axis of motion shall be tangent to its circnm- 
ference. A silken cord passing over this pulley connects the ball g with 
the little brass platform shown in fig. 225. Its disk k k U just large 
enough to move up and down freely between the 
rods h h without escaping from them. A number 
of disks, like fig. SS6, can also be laid on the plat- 
form, and their weight is so arranged that half of 
the weight of the platform can be assumed as 



Fig. 225. Fig. 226. 
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unity. The cord has three loops by which the ball g can be placed at 
distances from the center, which are to each other 1:2:8. 

We may now show in a general way, that with the same position of 
the ball, the greater the weight to be raised the greater must be the 
velocity of rotation, and that when the ball is mored from the distance 
1 to 3, and the speed of the wheel reduced to one-third, so that the ball 
moves in its orbit with the same velocity as at the distance 1, the weight 
will not be raised without accelerating the rotation. By means of a pen- 
dulum, the number of revolutions of the driving-wheel in a given time 
may be ascertained, and from the ratio of this wheel to the pulley the 
number of revolutions of the ball are known. Computing from this the 
periods corresponding to the radii 1, 2, 3, it may be shown by calculation 
that in any two successive experiments the centrifugal forces deduced 
from the radii and the periods of revolution are proportional to the 
weights raised. In this experiment, the velocity must be very gradually 
increased and maintained uniformly, which is much easier with a very 
heavy driving-wheel. With a little practice, the weight may be held 
suspended at a little height, and the period of revolution then estimated 
with a pendulum. The exact moment of raising the weight is easily 
observed, by pasting a disk of white paper, exactly the same size as the 
weights, on the board directly beneath them, so as not to be visible until 
they are raised. 

(2) The arrangement fig. 227 is designed to show that, with equal 

Fig. 227. 




periods of revolution, the centrifugal force is proportional to the weight 
as well as to the radius. The weights of the two ivory balls a b are in 
the proportion of 2 : 1, and both slide easily on the wire m m, which 
must not be over a line in thickness and very uniform. The balls are 
connected by a silk cord, and are placed for the experiment at distances 
from the center inversely proportional to their weight. If this be exactly 
attained, the balls will retain their position at every velocity. 

Fig. 228. 




(3) The influence of mass may be shown by the apparatus fig. 288 : 
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mb^cd we two glass tabes aboat the thickness of a finger, sealed at one 
end. They are ^ filled with mercarj, ^ with water, and ^ left empty, 
and the end tightly closed with a good cork. The npper ends are let a 
little way into the uprights m ti, and the lower ends held fast by the semi- 
cylindrical block e, which is excayated to receive the corked ends and 
screwed down to the base board. When the apparatus is set in rapid 
rotation, the contents of the tubes assame an inverted position, the 
mercury appearing above and the air below at b and c. The rapid increase 
d the centrifugal force with the velocity of rotation may be exhibited 
very well by slinging a tambler filled with water, by three cords, as seen 
in fig. 239, and whirling it rapidly round the head. 

The same experiment can be shown more neatly with the apparatus 
fig. 230, consisting of a globular glass vessel cemented to a wooden foot, 
by which it can be screwed to the whirling machine. Mercury and 
colored water are poured into the vessel in quantities not quite sufficient 

Fig, 229, Fig, 2^1, 



Fig, 230. 





4;£ 



to CD the bulged portion and leave a cylindrical space, as wide as the 
mouth, empty. When a rapid rotary motion is communicated to the 
f^ase, the mercury and water will form rings around the bulged sides. 

(4) The appendage fig. 231 serves to illustrate the flattening of the 
earth by the centrifugal force. It is easily made as follows : a a is a 
tamed block of hard wood, which can be screwed to the axis of the 
whirling machine; 6 c is a slender square rod, somewhat thicker at c, 
ending in a good screw ; m m m is a thin brass hoop, pierced with square 
holee ttt four opposite points. This hoop is fixed on the rod as shown in 
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the figarei and the lower end screwed down fast When rapidly tamed, 
the hoop describes a spheroid. Two hoops fastened on the rods at right 
angles to each other show the form of the spheroid more distinctly. 
The effect of rotary motion may be illustrated very well by means of 



Fig. 232, 




Fig. 233. 




the centrifugal railway, which can be pur- 
chased in the toy shops, or made in a yery 
simple way, by fastening a gutter of tin to 
a board, as shown in fig. 232. The diam- 
eter of the ring should not exceed ^^ of the 
height of the fall. A smooth bullet laid 
in the top of this trough will run through 
its whole length. 

(5) The centrifugal pendulum, IMs 
arrangement is instructive on account of its 
use in the steam-engine. An upright rod 
b is fixed into the cap a, fig. 233, which 
screws on the axis of the machine. The 
two pendulams p p work on hinges at the 
top of this rod, but can only move in the 
slits of the arc m n, shown in section in fig. 
234. The more rapidly the machine is 
turned, the more rapidly the balls diverge. 
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[119] ThO gyrOSCOpO. — This apparatus consists of a heayy metallic 
riDg, revolTing on an axis which is hang in gimbals, like the mariner's 

compass, so as to be free to assume any 

^g, 234. position. It is also contrived so that 

"*■ Q "^ the prolongation of the axis may be 

supported at one end on a steel pivot 
while the other end moves freely around it. When set in rapid rotation, 
and one end of the axis thus supported, the ring will revolve around the 
support in the direction in which the particles at the bottom are moving. 
The details of its construction vary so much that no general directions 
for its management can be given. This apparatus illustrates very beauti- 
fully the effect of the centrifugal force of each particle in resisting any 
change of the plane of rotation. A clear comprehension of this principle 
is necessary in order to understand the cause of the change of seasons.'*' 

[120] Foucault'S experimeilt. — The principle of this experi- 
ment, which proves the earth's rotation on its axis from the apparent 
rotation of the plane of oscillation of a pendulum, may be clearly 
illustrated by screwing the apparatus fig. 235 on the whirling machine, 
setting the pendulum in mo- 



Fig. 235. 



Fig. 236. 



tion, and turning the machine 
very slowly. As the ball is 
suspended by a very fine 
thread, the apparatus may be 
turned a number of times be- 
fore the torsion of the thread 
changes the plane of oscilla- 
tion. Its application to the 
rotation of the earth may be 
shown by setting the little 
arch <m the meridian of a 
globe, fig. 236, and showing its 
aetion.at the poles and at the 
equator. 

In making Foucault's ex- 
periment^ the first requisite is 
a firm, lofty point of suspension, with a height of 20 feet or over; the rest 
is very easily managed. The experiment succeeds, indeed, with a pendulum 
from 14 to 15 feet long, so far as to show the apparent revolution of the 
plane of oscillation from west through north to east ; but the amount of 





* Very excellent gyroscopes are sold by the Holbrook School Apparatus Manu- 
DKtiirhig Co.» in Hartford, for $8. — TVant. 
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motioi) iB MmetJmes more end •ometimeB less thto 16 X sin. p (f> b: Uti- 
tade.) 

The peadnlnm should be k c&ddoii ball, of at least 12 lbs. veight. It 
should be allowed to float on merciu? and tbe appermost point msrlied as 
the point of snapeDBion, first with chalk and afterwards with tbe center 
drill. With a Tessel of proper shape, the experiment does not require 
much mercury. If the point of the drill be binnted in marking the spot, 
it will not be possible to work the ball properly, and heating will not 
mend it The ball must be centered in a lathe on the spot marked, and 
turned accurately. A hole about ^ of an inch in diameter mast then be 
bored through the center, a piece of wood ^aped like fig. 337 inserted in 
the lower end, and the upper end bored out wider and an internal screw 
cut in it, to receire a brass plug, as in fig. 238. This ping must be bored 
Fig. 337. 




nearly through from the under side, turned off concentric with tbe ball, 
and a hole the size of a fine knitting-needle bored quite tbrongh in the 
center, A steel or iron wire, jnst strong enough to support the ball, is 
inserted through this hole, and fastened by wrapping it aronnd a bit of 
stoat brass wire resting against tbe bottom of the plag. Tbe upper point 
of suspension may be formed by simply boring a fine hole through a stout 
hook, passing the wire throngh it, and wrapping the end aronnd the shaft 
of the hook ; bat a better mode of suspension is shown in figs. 239 and 240. 
A polished steel plate with a slightly concave snr&ce is insert«d in the 
npper side of the hook, and the steel stirrup supported on it by the eteel 
pin b ; the wire passes through the small hole a in the stirrup. 

Before making the experiment, the ball must be allowed to hang quietly 
for a considerable time, in order to stretch the wire and destroy the 
torsion, which may be aided by the band. 
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Fasten a string to a nail in the direction in which the pendalum is to 
moTe, and observe exactly the point of the ball which lies in a straight 

Fig. 239. Fig. 240. 





line between this nail and the wire, and mark it with chalk. Make a wide 
loop on the string, fix this around the middle of the ball, and draw the 
ball oat, as far as its vibrations are to extend, by winding the string around 
the nail ; the arc of vibration should not be very long. Turn the ball in 
its sling, until the point marked is again in the plane of the wire and the 
naiL 

Describe upon a circular board the angles over which the pendulum 
will move every quarter of an hour, place the center of this board under 
the point, fig. 287, before fastening the ball in the sling, and let the point 
at which the graduation begins be in the line between the wire and the 
naiL 

Wlien the ball is perfectly still, which may be hastened by letting it 
strike gently against a stick the end of which is held on the floor, (it 
is better to wait about an hour,) set the ball in motion by burning off the 
string beyond the loop. 

[121] The pendulum. — The fail of bodies through chords and 
arcs on the diameter of a circle may be illustrated by the apparatus 
ilg& 241 and 242. It consists of a wooden ring A A A, with a smooth 
groove a a a on the inner side : this ring is fastened by means of a small 
fixyt to a base board with adjusting screws, and the foot itself is widened 
on one side so as to form a small dish to hold sand. 

A very shallow dish, or even a flat board with an opening correspond- 
ing in depth and breadth with the inner groove, is fixed to the top of the 
ring opposite the lower dish. One or more inclined planes mmnn, also 
grooved, can be screwed to the sides of the ring. 

Now aappose one of the chords mmnnhe screwed on, and a ball held 
wtth one band in the opening of the upper dish ; with the other band 

10 
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hold a second ball on that part of the chord correiponding to the inner 

grooTe, and let them Tall simaltiuieoasl; : they vill reach the bottom at 

Fig. 241. Fig. 842. 




Fig. 243. Fig. 244. 



nearly the same instant Id the same way, balls may be allowed to roll 
down an arc of the circle and its chord at the same time. The isochronic 
property of the cycloid may be easily illastrated by cntting ont a board in 
this shape with a groove on the inner side. 
The apparatus figs. 243 and 244 is very convenient for experiments 
with the pendnlnm. Its constractiou 
is as follows: the narrownprightai, 
with an arm c, is secured to a stent 
triangalar base, with or without level- 
ing screws. A nnmber of small hoohs 
are screwed into the nnder side of 
this arm, to which simple seconds 
pendnloms of cork, lead, wax, stone, 
etc., are attached; and also one 
beating half seconds, and anbther, 
to which small leaden balls are fost- 
ened, at short intervals. The length 
of the seconds pendnloms is measnred 
from the bottom of the hook to the 
middle of the ball : the proper length 
is easily attained by making the silk 
string longer than necessary and tying 
knots in it. The pendnlnm, made of 
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flereral leaden balls, is formed by screwing two little hooks into opposite 
sides of each ball and connecting them by cords. By casting the balls 
aronnd a wire smoothly coated with asphaltnm, this may afterwards be 
drawn ont and the labor of boring the holes spared, which is no trifle in 
lead. This pendnlnm serves to illustrate the difference between the 
physical and the mathematical pendnlnm. Besides the arm c the upright 
has an iron bracket d, which is figured on a larger scale in figs. 245 and 
246. The arm c a is riveted to the plate b, which is let into the wood of 
the stand and fastened with 6 screws. The forked ends a a of the arm 

Fig. 245. Fig. 246. 
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Fig. 247. 




have two semicircular depressions to serve as bearings for the iron plate 
dd, tk front view of which is seen in fig. 247 ; they are first worked out as 
•ccorately as possible with a file and then polished with emery on a 
cylinder of wood set in a lathe. The plate d d is wrought out of 
one piece, and the axles e e turned. Two plates of cast-steel, as hard 
as glass, and of the form shown in fig. 247, with highly polished cylin- 
drical faces are inserted in opposite sides of d d, as bearings for the 
knife edges of the pendulum. These two plates may be made by laying 
two pieces of cast-steel together, screwing them up in a vice, and then 
boring a hole through them so that one half of the hole shall be in each 
piate ; they are then ground together on a cylinder of brass with emery, 
IQed to the proper shape, and then hardened. They are afterwards 
ground again with fine emery on wood, and polished with jeweler's rouge. 
The pendulum suspended in this manner is free to move in every direction 
and can assume at once a perpendicular position, so that the stand does 
not require to be leveled, thereby saving much trouble. 

The knife edges are made of cast-steel, shaped as accurately as possible 
with the file, and hardened ; they are then ground with emery on a gloss 
plate, to give them a straight edge. They may be finally polished with 
rouge, on a linen rag. This can be done more rapidly, however, with a 
disk* of wood 5 or 6 inches in diameter, coated on the edge and surface 



148 



PfiTSICAL EXPERIMENTATION. 



with felt and fixed on the lathe. This disk is very convenient In making 
many optical instruments. It is smeared with ronge and water, and 
turned very rapidly. 

The pendulum rods are made of walnut or apple wood, abont a centi- 
meter square. Where the knife edges go through, two brass plates, a a 
b b, figs. 248 and 249, previously perforated to receive the knife edges, 

are let into the wood and fastened 



Fig. 248. 



Fig. 249. 
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with rivets going through the rod. 
A triangular perforation is after- 
wards cut through the wood with 
a chisel, and the knife edges driven 
through with a few gentle taps with 
a mallet. One pendulum has two 
such knife edges at the requisite 
distance to form a simple seconds 
pendulum, (= 104 centimeters,) the 
other has only one in the middle 
for experiments on inertia. The 
rods are graduated to centimeters. 
The balls are made of lead cast 
in wooden moulds coated with 
graphite. Through the mould is passed a short rectangular bar of smooth 
iron slightly thicker on one side than on the other, as seen in the cross 
section, fig. 250 ; the smaller side is about I centimeter in thickness. 

Points are marked with a punch on the ends of the bar, a 
a little to one side of the center. This bar is set into the 
mould so that the points marked will be in the center, and 
the opening in the weight therefore eccentric. The balls 
are afterwards turned ofif on this bar until they have the 
proper weight, and the bar is then knocked out. The weight of the bar 
rv 251 must, of course, be known, 

and likewise that of the 
Fig. 251a, brass piece 6, figs. 251 and 
251 a. The latter is set in 
before inserting the bar, 
and completely fills the 
aperture ; the thumb-screw 
a pressing agiunst this fast- 
ens the weight to the bar 
in any position. The edge 
b must be a whole number 



Fig. 250. 
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of centimeters from the center of the ball The ball may be varnished 
bhick with shellac and lampblack. The balls may be held in place by a 
simpler bat not so neat arrangement, of two brass slides fastened to 
the rods by thnmb-screws ; the hole for the bar is then made square, fig. 
252. When the points where the weights should be ^^^ 252. Fiq. 253 
fixed for the reversion pendulum are calculated, they 
should be marked on the rod. The weight of the 
balls is also marked on them. 

For experiments on inertia, it is necessary to have a 
small ball of about j to ^ lb. weight, 2 of 2 lbs. each, 
and 3 of ^ lb. To make the experiment, fix the 
heavy balls at equal distances from the point of sus- 
pension, and the lightest one at the end of the rod, 
as in fig. 253y and observe how many beats the pen- 
dulum makes in a minute. The time of the beats 
will remain unchanged if the ^ lb. weight be fixed at 
twice the distance from the point of suspension. 

To make the experiment with the reversion pendu- 
lum, fasten two balls of equal weight to the rod with 
two knife edges, so that the middle of one will be 80 
and of the other 120 centimeters from one of the edges ; 
the time of vibration will then be nearly equal on 
both edges. 

[128] Pendulums with audible beat.— A seconds pendulum, 

eoDstmcted as above described, will go an hour or more, but it is incon- 
venient for many purposes, because its beat is not audible. To make a 
pendulum which shall beat audibly, fasten to the top of the rod an iron 
ferule a, fig. 264, in which the iron tongue ^ 254. Fig, 255. 

5 c is soldered. The axis passes through 
this tongue at e and a round pin through 
the top, upon which the bent hammer 
is bnog through a slit r, fig. 255. The 
strokes will then be audible, but must be 
counted. 

It is more convenient and advantage- 
ous to procure from a clock-maker an 
arrangement with a ratchet-wheel and 
anchor escapement, with a hand fixed ctii 
on the axis to mark the seconds on a 
dial-plate, as seen in fig. 256. The 
pendolom rod is then made of iron, so 
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Fig. 256. 




that a leaden ball bored lengthwise or sidewise can be fixed on it by a 
A:rew. For the short time during which the ezperiment will last, no 
GompeDaatJoD arrangement is necessarr. The 
clock-work ia supported on a frame, behind 
which the weight and the pendnlam bang. 
This frame should not be orer 4 or 6 fbet 
high BO that the motion of the eacApement 
can be con venientlj seen, as this arrangement 
serrea at the same time to iiloBtrate the 
commoneBt vaj in which a pendalam is con- 
nected with clock-work. To allow it to run 
longer, make the wheel aronnd which the 
cord runs very small, and hang the weight 
on a movable pulley. The pendulnm most 
be regulated by a simple seconds pendnlnm 
or a good watch. 
A more complete but more expensive 
arrangement is shown in figs. 257 and 258, ^ to { the natanj sin. 
The weight is so arranged that it can be wonnd np withoat stopping the 
motion of the clock. The ball ma; be mode of cast-iron, and ahonld not 
be less then 10 lbs. in weight. 

[133] Impact. — For experiments ou the laws of impact the inelastic 
bodies may be balls of unbomt clay of varioua sizea. Into which hooks are 
fixed while in a soft state. Their weight may h^ adjoated with a rasp, 
after drying. Bnt these balls have still some elasticity, and the results 
will, therefore, not correspond closely with the law. They are suspended 
by silk strings from a frame, such as is shown in fig. 359, of ^ the natural 
size. The hooks of the frame pass through long slits, and can be a^jnsted 
by means of two nats, so that the balls shall just touch each other and 
their centers lie in the same straight line. The arrangement might be 
made cheaper by fastening the cords with cork plugs. The experiments 
to illustrate the law are very simple : it is only necessary to see that the 
balls hang in the same straight line, and not to make the impact too 
strong, for fear of breaking the balls; but, as already mentioned, the 
success of the experiment will be indifferent. 

Experiments with elastic bodies succeed better. The balls for these 
are made of ivory or ligoom-vits ; five or six of them of the same size, 
one twice and another half as lai^. The same precautions ronst be 
observed. The balls will not break, but the resolta are not accordant 
when the velocity is too great, owing to the imperfect elasticity of ivory. 
Special care must be taken that the balls be barely in contact without 
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imwiDg upOQ each other, and that their centers be in a atraight 
iiDe. 
Experiments on obliqne impact against a pla&e may be made by 

Fig. 257. Fig. 258. 
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pladng the muble slab described in § 73 apright on a table, and saspend- 
Ing % ball bj a single string from any kind of a snpport, fig. 260. 
Describe the angles of incidence and reflection on the table, and give 
tlie ball an inipnise in the direction of one of these lines. The less 
petfect the eloisLicity of the ball, the less will be the angle of reflection 
compared with the angle of incidence, especially when the latter is great. 
In the cue of irory, the ball glides during the compression along the 
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sarfoc : of tbe slab, by vhich the portion of the relocitr which is parallel 
Fig. 259. 




to the slob is diminished, and after several rebonnds the ball foils perpen- 
Fig. 2C0. diculorly against the sarfoce. The ex- 

periment succeeds the first time, how- 
evKT, very well. The law of impact 
cannot be so well illustrated on a billiard 
table, because the balls have, besides the 
gliding motion, which fails entirely when 
the stroke ia feeble, a rotaij motion, 
which sometimes coincides in direction 
with the gliding one, sometimes opposes, 
or even inakeB an angle with it. The 
imperfect elasticity of Irory is partic- 
ularly evident in tbe case of oblique im- 
pact between two balls, where, if the 
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diaticitj vere perftct, the balls should diverge ftt right aDglea after 
the impact 

[IS43 Rflotion.— For these experiments the apporatna sboini in 
Gg. 75 may be taken when it is only required to show the amount of 
friction of wood npon vood, and illustrate the principal laws of friction. 
For this purpose a vertical prism of wood with aneqnal faces is drawn 
over the horizontal board by weights, with the fibers sometimes parallel, 
wmetimes perpendicular to those of the board. The prism mnst have a 
book for each position in which it is nsed, so that the cord passing over 
the pnlley, to which the weight is attached, shall always be horizontal. 

The angle of inclination may also be determined at which the prism 
begins to slide down the inclined plane, and the force acting parallel 
to the plane calculated fW>m this. 

The apparatus aeeu in flg. 361 may be nsed to show the difference of 
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friction npon different snbstances. 

The wheel A A iA made of wood 

Batnrated with hot oil, or of brass, 

s band passes over it, having a 

smal] acde pan at each end. These 

are loaded with - a conndarable 

veight, and the excess of wel^ 

DDted which is reqaired to be laid 

Id one pan to turn the wheel when 

the axle rests snccesslvely on the 

frictioB wheels a a and the beanngs 

m m m. Each pair of these bear 

jDgt is made of a different material 

iron, hna, gnn-metal, zinc, wood, 

etc, bat a]l bored olilie and eqnally 

veQ policed. The experiment 

nay be made with and without 

grease. The apparatus is supported on a soitable wooden frame. 

I^is is, of coarse, not sufficient to deUrmine the coefficients of Action, 

bat only tu show that the friction varies with the sobstance nsed Friction 

rollers deserve especial notice, because they are indispensable in hanging 

la^bellB. 
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(b.) EXFEBnfEHTS OH HTDBOBTHAHCB. 
[1S5] Velocity of efflux.— Siace Torricelli'a law hold* good only 
when the velocity of the fluid in the vessel is so smaJl Id proportioa to 
that of the stnom flowing ont that it may be neglected, it requires a 
tolerably wide vessel, and the velocity of efflaz is still reduced 1 per cent 
when the diameter of the vessel is 100 times greater than that of the 
opening. A. tin vessel, like that shown m fig. 363, ^^ the actaal size, ii 
chosen for the experiments and provided with a commnDicating tnbe at 
the side, graduated to inches and tenths, so that the height of the w»ter 
' in the vessel may be conTenienUy observed. There may be four openings, 



I'ig. 262. 




Fig. S68. 




of which m is 1 and n 16, or any whole nnmber of inches from the 
level to which the vessel is to be filled, as bdicated by the scale. All 
these apertures consist of short tubes, 2 inches in diameter, set in the 
sides of the veesel w w and closed by a valve like fig. 263, which can he 
opened by a wire or cord. The real outlet tubes are screwed into these; 
they have sharp edges and vary in diameter from ^ to 1 line. Into the 
lowest opening the tube b, fig. 2G3, is set in such a manner that it can be 
turned on its axis ; the outlet tube c is inserted in this, and the inclination 
of c may be read off on the graduated circle fixed to b and turning on a. 
Water is introdnced from a second vessel as fast as it flows out of the 
first, so a.^ always to maintain the fluid at the same level ; but with very 
small outlet tubes this precaution Is not necessary if the stream be allowed 
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to flow but a Bhort time. lostead of the v&lre shown in fig. 363 the tabe 

maj be famished with a slide outside of the Tessel, as in 6g. 264, which has 

the advaataffe of Dot diBturbing the flow of the water when opened as the 

nlTe does. It would t>e Iietter still to haye 

each ontlet tnbe prorided with each a slide ^'9- ^^^' 

dose to its month, and the talM a fhrnished 

with a Talre which conld be dosed while 

chan^g the tnbea. With the arrangement 

ia which the tnbe is closed some distance 

from its month, it is necessaiy to open the 

tsItb and allow the water to flow oat nntil it 

flows qnietly, and then at a certain moment 

to beg^ to collect it, and cease before closing 

the TslTe ; becaose after the Talve is opened 

the wide tobe a most be filled, and emptied 

after clodng it, which gives inaccurate results. 

Bat this procedure always makes the room 

Tcrj wet The rerolTing tnbe c, fig. S63, serves to compare the vertical 

height to which the stream is thrown with the height of the colnmo, and 

the isnge at different elevations with each other and with the vertical 

height, and to exhibit the parabolic carve of the stream. 

The foarth opening, in the bottom of the vessel, serveH for the same 
experiment as m and n ; the stand has a bole through it for this parpose. 
He tiaj aronnd the bottom of the vessel is to catch any water that may 
le^ throagfa the valves. 

The qoantity of water which has flowed oat is most easily ascer- 
tained by weighing, and for this reason it is very convenient to hare 
the apparatus graduated by French measure, so that gramme weights can 
be used, which saves all trouble of reduction. 

If one of the ontlet tnbea be provided with several conical openings 
instead of one opening in the thin wall, their effect may also be shown. 
The effect of long cylindrical tubes on the quantity of water delivered 
may be shown by taking two pieces of the same glass tnbe, one four 
times u long as the other, and insertiDg them Bnccessively in the aper- 
ture by means of corks. 

The duration of the experiments must be estimated by a watch with a 
second hand, or a seconds peudnlnm with andible tick. The time must 
in this, as iu all other similar cases, be connted from and not from 1 as 
is apt to happen. 

To experiment on the range, the horizontal range shoald be chosen. 
From the height of the aperture above the floor calculate the time 
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required to M this distwice, and from die ofaeerred reloci^, the distance 
of projectiOB for this time : mark this on the floor, and tilie stream will 
always fidi ezoctlj on the spot indicated ; whereas the verUcal pngectioa 
will be at most only abont 95 per cent of the height of the colnian. 

In experimenting on the quantity flowing ont, the outlet tnbes used 
must not be too small, in order to obtain actually 63 per cent of the 
theoretical efflnx, i.e. of the qnantity obtained by mnltiplying the area of 
the opening by the calculated velocity. Of conrse the area of Uie aper> 
tore muBt be rery accurately determined, within at least O'l millimeter. 
If the apparatus be ordered of a mechanic it should be required that the 
diameter of tbe openings should be expressible in as small units u 
posEdble, e.g. in millimeters. 

Snch a vessel as is here described is rather expensive, but the experi- 
ments can be made with Mariotte's vase, to be described directly, or with 
any vessel of sulBcient width and about 6 inches in height Bore a hole 
exactly 2 millimeters wide in the side of the vessel, and another a centi- 
meter wide, and solder a short tin tube to it Close the openings with 
cork, and do not begin to collect the wator until it flows quietly. To 
change the apertures the Tessel must first be emptied. With Mariotte's 
vase this is not necessary, the air tube need only be closed and the vessel 
inclined to one side to insert any tube. 

[126] Haribtte's vase. — a small rase of this kind is an interesting 
piece of apparatus from theoretical considerations, and is very eamly con- 
structed. A. stont glass bottle is closed with a good cork, fig. 26!>. A 
piece of barometer tube a, open at both ends and 
Fig. 365. drawn ont a little at tbe lower end, is heated nearly 

hot enough to bum the cork and pushed through 
a hole bored in it a little smaller than the tnbe, by 
_j f " which a very tight joint will be made. Bore a hole 

in the side of the bottle nith a copper ring abont 
half an inch in diameter, and cement over it a tin 
tnbe a little wider than the opening, with a rim 
fitting accurately to the surface of the glass. This 
tnbe may be arranged to receive various escape tubex, 
or a short glass tnbe v fitted into it with a co^ 
This apparatus is very convenient when a continuous, uniform, and not 
very large stream of water is reqmred for any pnrpose. For experiments 
on efflux proper it must have a capacity of 3 or 4 qnarts and allow a 
vertical pressure (i.e. the distance between the lower end of the tube a 
and the level of the escape pipe) of about 12 centimeters. Although 
the pulsations In the stream caused by tbe entitmce of air babbles are 
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lery perceptible with a lower colamn of water than this, tolerably correct 
resolts will still be obtained. Tabolated bottles saitable for this appa- 
ratus may be obtained at small expense. 

K the object be only to obtain a aniform stream of water, the bottle 
does not require any aperture in the side ; it is only necessary to bore two 
holes in the cork, and insert beside the air tube a siphon reaching nearly 
to the bottom of the bottle. 

[127] The character of a stream of water flowing 

vertioaUy downward can be best shown by means of a tin vessel 
with a small hole in its bottom, uniform pressure not being required in 
this case. The same is shown, apart from the contraction of the stream, 
by water or quicksiWer flowing through a siphon. 

[128] Barker's milL — As the object in instruction is more to 
show the effect of lateral pressure than to obtain the maximum of effect, 
it is not necessary to have the arms of the machine bent, and it may be 
made, in a rery simple manner, of tin, as shown in fig. 266. The iron pin 
0, soldered to the bottom of the cylinder A, 
tmns in a depression in the iron plate h. The 
btr c c runs across the open top of the cylinder 
ud to it is screwed the pin d. A strip of tin 
C C, strengthened at the edges and bent twice 
at right an^^ is soldered to the vessel B, 
isd aenraa as a guide for the pin d and a 
Kpport for as easily moving pulley e, A 
itring is wound around the pin and passes over 
the pulley, to the end of which a small scale 
ptn to contain weights is attached. If the 
experiment is to be continued some time the 
lower vessel B should have an outlet tube. A 
is easily kept fnlL 

[129] TOie water-ram.— Mohr has devised an apparatus on a 
small scale, which exhibits the action of this machine very well, and can 
be constructed without much expense. It is represented in figs. 267 and 
268. The cistern h is supported on a frame which contains another 
dstem below, upon the bottom of which the lower parts of fig. 267 rest. 
The tube /which conducts the water downward is made either of glass or 
lead : the lower end of it is cemented into the valve shown in natural size 
in fig. 268; the part g which passes through the cork must be of glass. 
Alter the end of g is passed through the cork, a tin tube with a simple 
flap valve is cemented to it. The tube p serves as the jet The puppet 
valve, fig. 268, consists of a flat metal plate, with a rod working through 
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the stimp d; the length of the etroke is regulated bj the ball r, t 
screws up and down ; the weight may be ac|jnsted bj little plates of 





Strang on the rod. The tabes a end b ore made of tin. It req 
some patience to regulate the valve, for the apparatna does not ol 
wortc at Grst 
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(&) EXPEfilKEHTS OH THE KOTIOH 07 OASES. 
[130^ Thd gasometer. — The form or gasometer which is generally 
osed ie showD In fig. 369, -j^ the nataral size. The cistern b is connected 
with the vessel below by two 
solid supports c c and two 
tabes forniBhed with stop- 
cocks, of which a reaches 
from the bottom of the upper 
ressel nearly to the bottom 
of the lower one, bnt b only 
eatera the arched top of the 
lower ressel ; d is a short 
tube aloping npward, and 
capable oT being closed with 
4 cork; e is the dischaige 
pipe ; and g a gange to show 
the height of the water in the 
Te^l. It is wen to have the 
gange lie in » depression in 
the side of the ressel made to 
neeiie it, where it will be 
IsM «zpoaed to i^jory. To 
Btha gaaotneter with water, 

eloM d, open the stop-cocks at a & and e, aad poor water in the upper 
TCsel S, which will expel the air through b and e. When the water 
bepna to flow through e, close the stop-cock and expel the rest of the air 
throQj^ b. To Gil it with gas, close all the stop-cocks, open d, and intro- 
duce tbrongh the opening a gaa tube bent slightly npward; the water will 
flow ont bedde it as fast as the gas enters. When the vessel A is filled 
with gas, close d. The gas may either he drawn off through e, or allowed 
to rise throngh b into a bell glass. In either case the vessel B is filled 
with water and the cock a opened. The gasometer may be cheaply 
constmoted of zinc, and the stop-cocks purchased from a plumber or a 
gas-fitter. The stop-cock e need not end in a screw; the tabes may be 
connected with it by india-mbber. 

A cheaper gasometer may be made on a small scale like those nsed at 
the gas-works. Fig. 270 represents one of this kind made of sine, with 
a leaden tnbe which serves both to introduce and deliver the gas. If 
made of larger dimensions, so as to have the ioner cylinder mneh over 6 
or 6 ioehm wide, it becomes too heavy when filled to be carried aboat 
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In this case, the lower cylinder should contain an air-tight hollow cflinder, 
so as to leave only a narrow apace between the ndea oT the two for the 

Fig. 2t0. Fig. 871. 




water into which the npper cylinder dips. Tig. 8T1 represents snch an 
apparatus in section; the conducting pipe being carried up along the 
side of the inner cylinder. 

To fill snch a gasometer, open the cock, remote the weights from the 
movable receiver and let it sink slowly into the water, then connect the 
gas pipe with the generator by means of a gallowa screw or india-rubber 
tnbing. The connterpoise weight should preponderate jnst enoagh to 
overcome the friction. 

[131] Flow of gases through tubes.— niuminating gas is the 
most convenient for these experiments. Fill the gasometer with this, 
connect with it a very small lead pipe 1 foot in length, open the cock and 
light the gas at the month of the tube, and observe how much boras in 
a given time. Then replace the tnbe by one of the same size bnt much 
longer, not neglecting the length of the tubes in the gasometer in the 
comparison, and make the same observation as before. The size of the 
flame gives a very decided indication of the diminution in the qnontily 
delivered, when the pressure on the gaa does not exceed one centimeter 
of water. 

The gasometer may be filled by connecting it by a flexible tube with u 
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ga»4>iuiier. A pressnre-gRage like fig. 272, but double the eito of the 
drawlDg, is screwed into the top of the receiver and the reqoisite weights 
liid on. 

[133] The experiment of Clement and 

DeaomieB. — Take a circular plate of tin M M, fig. 
3T3, from 2 to 4 inches in diameter, with a hoie in the 
center : wider a collar b to this, and cement a glass tube 
a into iL Blow into the tnbe while holding the plate 
Terticallj, with a sheet of paper parallel to it and ^ an 
inch distoot: the paper will inatantlj close over the 
opening and oscillate backward and forward before it. 
The apparstos may be varied by passing 3 pins through 
the disk M M, Bticking a disic of pasteboard of the 
nme nxe on these, so as to move freely, and bending 
them over; the tin disk is then held horizontal, as seen 
in the figore. 

The apparatus is sdll farther simplified by thnutiog 
the glaaa tnbe through a short cork, cutting it off even 
with tlie tube, and then gluing a disk of thin smooth 
pasteboard, S or 3 inches wide, to the cork, and piercing 
a hole through it Near the edge stick three smooth pieces of wire, and 
on theee a disk of thick paper of the same size as the pasteboard. The 
holes in the paper mast be tolerably large, and the ends of the wires bent 
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The adjon of the draught in locomotives depends on the same principle, 
the waste steam being allowed to escape into the chiomey, as may be 
ihown by the apparatus fig. 274. .^ is a short, wide glass tube, which 
may be cut off from a lamp chimney. Corlts are cemented iuto both 
eods, and through one of them is passed a wide tube B, throngh the other 
a narrow tube G, drawn out to a point. A hole, !( or 2 lines in diam- 
11 
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eter, is bored in the side of the tube A, into which ifl cemented a glass 
tnbe a be, not over 1 line in diameter, bent like a siphon. The bulb at 
c is convenient bnt not at all necessary. If the tnbe a 6 e be partly 
filled with water^ it will rise in the tnbe by blowing in at the narrow tnbe 
Cf and fall when the blast is in the opposite direction. The most effectiTe 
position is songht by moving the tnbes back and forward, for which 
reason they shonld not be cemented. 

The experiment may be still further varied, by laying a few boming 
coals in a fnnnel-shaped expansion of the tnbe a be, and blowing through 
the narrow tnbe : a good dranght will be created over the coals. 



OHAPTEB, III. 



KXFXEUHBNTS ON AOODSTIOS. 



[I3S} Waves in water. — it is necessary here to recall obser* 
ntioM which might often be made, in respect to the Bimplest phenom- 
ena. For this pnrpoM a large tab filled with water Is used, bto 
which a drop of water ia let fall from a pipette, to show the effect of a 
tingle drop, and then several drops, on the same spot, at regalar intervals, 
to form a system of waves. In the same manner two systems of waves 
itt created, whose centers are at some distance apart, to show the inter- 
ference of the two systems, finally, the reflection of the waves by the 
■idea of the tab, or by a hoard placed in it, ia exhibited. By placing !n 
the tab a board with a slit an inch wide, the bending of the waves may 
■Iso he shown. 

Mfiller's stroboscopic disks, and Wheatstone's apparatus, as improved 
by Eisenlohr, are very well adapted to exhibit these, and all other phe- 
nomena of nndolation. The tatter is rather expensive, bat has the 
advantage that the phenomena can be showD to the whole audience at 
once. The following apparataa can easily be mode anywhere. Fig. 275 
Fig. 275. 




ihowB an axis made of Iwnt wire, terminating at one end in a screw, on 
which the wooden ball a is screwed, which carries in tnm a large glass 
bead 6 on a slender wire. The other end forms a winch. Two shoalders 
c c soldered to the ans prevent it from slipping about. About twenty 
nch wires, without the shoulders c c or the winch, and about half as 
thick, are fixed in the box A, fig. 27C, which furnishes a common support 
for all, the axis fig. 215 being placed in the middle. The sides of the 
box are made in two pieces, as shown by the dotted line, and the vires are 
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laid in their places before pnttiag the ptecei togetiier, the knobs being 
all on the same side. The cranks/ of all these wires are now connected 
bf the bar e, fig. STG, which 
Fig. 276. consistsoftwostripsnnited 

by screwB, so that all the 
axes can be tnmed by the 
molian of one winch. The 
knobs a are now tamed 
until the glass beads b 
occupy the positions shown 
for a ancceEsion of twelve 

in fig. an. 

The following is a pretty 
experiment on the Reflec- 
tion and Interference of 
Waves of Liquids: make a 
tronf^ of wood or paste- 
board, 3 or 4 inches long, with elliptical sides. If it be of wood, cat an 
elliptical hole through a piece of hard wood, and glne a bottom on it 




Fig. an. 



OOCXX) 
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Pill the trough with mercury, and let drops of mercnry fall from a pipette 
on one of the foei: the waves reflected from the sides will interfere with 
the direct waves and form a little elevation at the other focns. It is well 
to have the pipette fastened in some way over the focns, in order to let 
the drops fall with better aim. 

[134] Waves of a rope.--The rope used for this purpose shonld 
be as long as the room allows, and not too thick : for a length of 20 feet, 
\ of an inch is thiek enough ; ft must, above all, be very soft, and, there- 
fore, when a suitable old rope cannot be obtained, the new one must be 
rolled up and beaten with a wooden mallet on a block until it is qnite 
soft. One end of the rope is fastened to the wall, and the other end held 
slack in the hand. A horizontal jerk produces a wave, varying in length 
with the extent and rapidity of the jerk, which runs to the other end, is 
there reflected back to the hand, and this is repeated once or twice with 
decreasing intensity. 

By continuing to move the hand, it is easy to form a snceession of 
waves of such length that they will be aliquot parts of the whole length 
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of the rope, and the reflected wares will then coincide with the sacceeding 
forward wayes. 

[186] Nodes of vibration in bars.— in the holder described in 
one of the socceeding paragraphs, fix a bar of straight-grained pine wood, 
about 1 centimeter square and 3 or 4 decimeters long. By strewing the 
npper side with sand, placing the finger at abont one third the length of 
the bar, and drawing a riolin bow in a vertical direction over the bar 
near the finger, with a motion toward the holder, a node of vibration may 
be produced. 

[186] Nodes of vibration in strings.— These are exhibited 
by the monochord, to be described presently. Care must be taken 
to make the strips of paper which lie on the nodal points very 
narrow; they may also be of a different color from the rest. Fig. 278 
shows such a rider of the natural size. The degree of tension of the 
string is indifferent, if it only give a sound, and the bridge set 
under it form a little elevation, so that the string presses hard -^V- ^*^^' 
upon it The vibration is best produced by a violin bow, m 
MA on near the bridge, and drawn at right angles to the §^ 
string. 

[137] Nodal points on surfaces. Sound-figures. — in 

selecting panes of glass for this purpose, choose clear glass of uniform thick- 
ness about equal to that of ordinary window glass. When it is thicker it 
is not 80 easy to produce complicated figures. The size is indifferent, but 
it is difficult to obtain complicated figures with small panes, and large 
ones break easily : 1 to 2 decimeters square is a good size. The sharp 
edges must be rubbed off on a grindstone. The apparatus fig. 279 is 
Tery convenient for holding the plates ; it 
is made of iron or some tongh wood. The ^9' ^*^^' 

little knob a and the round end of the 
screw are covered with thick buckskin. It 
18 clamped on a table by the screw c. The 
vibratlonfl should be produced with a 
rioloncello bow, the violin bow is too 
weak; it is stretched tight and well rubbed 
withrosin. 

To produce any given sound-figure: 
clamp the pane of glass at a crossing point 
of the nodal lines between a and 6, strew 
the surface with fine sand, hold the tip of the finger on a point of the 
edge of the glass near the point of attachment, to which a branch of a 
nodal line is to run, and draw the bow vertically downward across a part 
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of the edge where the glasQ mnst have most motion. The stroke nmsi 
generally be repeated several times before the figure is deyeloped. 
Writing-sand is best for the porpose. A figpire different from thai 
sought will often be produced ; this depends upon the variable elaatidtj 
of the glass in different directions. If it does not socoeed with the three 
points chosen, try others. For the purposes of instruction it is, howerer, 
sufficient to show the perpendicular and the oblique cross on a square plate, 
and the cross and six-pointed star on a round disk, and these seldom ML 
For all of these the plate must be held by the middle, the finger held on 
one limb of the figure, and the bow drawn across the edge between two 
limbs — ^that is, for the vertical cross on a square plate, near one comer. 
After each experiment, the leather which covers the knobs a and b must 
be carefully freed from sand, otherwise a grain of sand may be forced into 
the glass by the pressure of the screw, and then the glass will break when 
the bow is drawn across it. But with every precaution, glasses will often 
be broken in this way ; this is an unavoidable difficulty with glass, and is 
all the more annoying when it is desired, for an experiment to be men- 
tioned presently, to produce always the same pitch. Metal plates would, 
therefore, be unquestionably superior, if it were not so difficult to procure 
them of tolerably uniform elasticity. Complicated figures, which belong 
to high notes, are easily obtained with a flat plate of brass, but the 
simple ones not so easily. The desired result is most easily obtained in 
the following way : have a brass plate about 1 to 1^ millimeters thick and 
6 or 8 inches on a side, beaten flat with a wooden hammer, file it square, 
and keep it a uniform red heat for 5 or 10 minutes in a heap of coals 
briskly fanned. After cooling slowly, polish it first with pumice-stone 
and water, and afterwards with a piece of beechwood charcoal and oil. 
If the brass be good, the plate treated in this way will always give the 
two crosses. 

To render the nodal lines of bell-shaped bodies visible, any wide glass 
cylinder will answer, or even a thin-edged tumbler. Fill it half full of 
water, and draw a well-rosined violin bow across the edge: holding the 
glass fast if necessary by two fingers near the bottom. 

[138] Propagation of sound in tubes,— Tubes of gutta- 
percha, peculiarly adapted for this purpose, may now be obtained of any 
length. 

[139] Reflection of sound. — ^A concave mirror designed for the 
reflection of heat may be used in these experiments. A watch held in the 
focus can be heard at a considerable distance, when everything around is 
stUL 

[140] The theory of the organ pipe is illustrated moat 
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dearly bj means of Professor MWer's ware-disks. They, and the stro- 
boseopie disks in general, should be held 1^ to 2 feet from the mirror. 
Their constmction is e:q>lained in § !*[*[, fig. 351. 

[141] Experiments with pipes. — A whole octave of wooden 

pipes may easily be had from an organ-builder. A bellows with a wind- 
chest to fix the pipes into is convenient, but not necessary ; if one is 
pnrchased, it should be arranged for about 12 pipes, and have keys. Into 
one is inserted a plug, like fig. 280, the head of which is covered with 
leatiier on the sides, but not on the base, for experiments on 
closed pipes. The depths to which this plug must be pushed ^9* ^^^• 
in to produce the various notes of a whole octave, and such 
others as may be required, should be marked on its stem. For 
the purpose of showing the nodes of vibration, or rather the 
waves between them, in such a pipe, holes may be bored with 
a center-bit, about 2 or 3 lines in diameter, and provided with 
keys. These keys are easily made of a piece of wood, cut as 
shown in fig. 281. A piece of sheepskin is glued to the 
bottom of the key and the projecting end b of this leather 
fulened to the pipe, with the flesh side downward ; a wire 
spring c serves to press the key against the openlDg. The 
holes may also be closed with simple slides, but this requires 
more accurate workmanship. The simplest way is to close 
them with the fingers, but then the pipe can be used for no other purpose, 
tad fewer holes must be made. A pipe 
for experiments of this kind must be ^' 2^^* 

comparatively long, otherwise the waves 
win not form at exactly the spot re- 
quired by theory, because the vibrations 

in a pipe, in which the vibrations of the lip are produced by a small 
current of air are not regular near the end. The pipe must be at least 
two feet in length. Four holes may be bored in the same pipe, one for 
the closed and another for the open pipe, in the proper places, and two 
others at points not corresponding to any belly, for the purpose of showing 
the effect in this case also. The pipe must, however, be closed, not by a 
plug, but by a pasteboard cap, so that the length of the tube will not be 
altered. The hole for the open pipe is made in the middle of the length, 
that for the closed pipe about ^ the length from the bottom. 

[142] To show that the pitch is not affected by the Material of the 
P^, a mouth-piece may be made as in fig. 282, and pipes of wood, tin, 
pasteboard, etc., of the same size and length, set on it; they will all give 
the same pitch but not the same timbre. This difference of sound is still 
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Fig.SSi. 




greater wlien tiie Mp is nude on the piece set on. Bat u the tbickoeM 
or the wood at a acts as so-called "ears," making the tone deeper, dmilar 
pieces must be soldered od when the pipe is made of 
tia The introdoction of gas into the bnil^ng makes 
it very easy to show the inflnence of the kind of gas 
blown throDgh a pipe, on the pitch. It is onlj 
necessary to connect the pipe with a gas bnrner, bj 
meanB of au india-rubber talw, to obtain a nnifonn 
tone, about one second higher than nsaal. With 
narrow pipes the ezperiment succeeds when the gas 
has a pressure only equal to 1 centimeter of water. 

To make Bavart's experiment, in which sympathetic 
notes are produced in a tube by the vicinity of a 
sounding body, the following arrangement is best 
adapted: Make two tubes, about 3 or 4 inches in 
diameter, of pasteboard, so as to slide into one 
another, the larger of which is provided with a bottom. 
Mark a scale on the narrower tube, on which the length of the pipe can be 
read off directly. Select a glass bell giving a rather deep sound, and 
determine its pitch by comparing it with a piano, so as to be able to 
calculate tlie corresponding length of the pipe by assuming the nnmber 
of vibrations of & as 440, and dividing the velocity of the propagation of 
Round by the ascertained number of vibrations, in order to obtain the 
Fig. 283. length of the wave, the fourth part of which is the required 
length of the closed pipe. The tone of the bell sbonld fall 
witliin the minor octave, for with high notes the result is 
very doabtfnl. Almost any vessel which is not too narrow 
can be made to resoond more or less with a tuning-fork ; it 
succeeds best with one about 7 inches deep and 2 to 4 
inches wide. The effect is far greater with deep tonea 
When the length of the tubes is arranged, place them np- 
right on the table, hold the bell by the knob, and draw the 
bow across it so as to produce its deepest tone; this wilt 
often be tried in vain, but once obtained, it can be easily 
repeated. Hold the side of the vibrating bell close to the 
month of the tube. 

[143] The chemical harmonica.— For the ex- 
periment use a wide-bottomed flask, as seen in Gg. 283, 
into which a long cork, pierced with two holes, fits tightly. 
Fit two glass tubes B C tightly into these holes, without 
wax. Draw oat the tube Bio a. point, so as to leave only 
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a fine opening ; C mnst be bent into the shape of a safety tube. The 
flmnel on the end is nsefhl to introduce fresh acid into the flask without 
taking oat the cork. Put in zinc, or iron filings, and sulphuric acid diluted 
with fonr times its weight of water to ctoItc hydrogen, and when the 
erolation is going on briskly let the flask stand for 10 minutes to allow 
the ezpnlsion of all atmospheric air and explosive mixture before lighting 
the gas issuing from B, For greater safety, the flask should be wrapped 
with a strong cloth before lighting the gas. The lower end of B should 
be cat off obliquely, so that the drops of condensed water will fall off more 
readily. 

The jet most be of considerable length, and the tubes raised and sunk 
until the loud, and anything but agreeable, sound is produced. Tubes of 
TariooB lengths give sounds of different pitch. 

[144] Hopkins' expeiiment to show the nodes of 

Vitaration. — Fasten a tube, 1^ to 2 inches wide and 2 to 4 feet long, 
to the perpendicular part of a screw-clamp, and screw it to a table. A 
glass plate wonld answer very well for the Tibrating plate, but on account 
of the fragility of glass, a brass plate is preferable, because it is necessary 
always to produce the same tone. The plate needs no special preparation. 
Fasten it by the center in the holder, fig. 279, place it immediately under 
the tube, and endeavor, by holding the finger and drawing the bow at 
different points, to produce a rather simple sound-figure. Fig. 284 shows 
the arrangement of the whole apparatus. The reciprocal action of the 
tube on the plate induces in it much more readily a tone corresponding 
to the tube ; and it will be known at once, from the intensity of the tone, 
wheiher the air in the tube is sounding in unison. Having once obtained 
a figore, sach that a division of it corresponding to the edge of the plate 
is aboat eqaal to the diameter of the tube, mark on the plate the spots 
where the finger was held and the bow drawn, for, on account of the 
oneqaal elasticity of the metal, it is seldom that any other points can be 
selected in place of them. The tube must then be placed at a distance 
of ^ tol line above as large a division of the figure as possible : one near 
the edge is best Instead of the little frame usually figured covered with 
a thin membrane, it is better to take a metal hoop about 1 or 2 lines 
broad and half as great in diameter as the tube, and cover it with very fine 
paper in the same way as in stretching paper on a drawing board. This 
has the advantage that the sand does not slide off continually as it does 
on the sqaare frame. A difference in tension of the paper according to the 
pitch is not at all necessary, if it were practicable. Suspend this by three 
strings uniting in one, and pass the string over the upper edge of the 
tube which is coated with paper, so that the frame may be kept at any 
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height b; a coDnterpoise weight. If a Bpecial holder for the tube is 
desired for the sako of coDTeuience, the odd figored io 6g, 986 is nrj 
good ; it is made of wood. 
Fi0. 284. 




Now seek for the position in the tube in which the band in the frame is 
least agitated when the bow Is drawn across the plate. Having fonnd 
two such positions approximatelj, it will be etaj to dednce fVom thetr 



PHTSICAL EXPERIMENTATION. 171 

tpiHropmte distance and the length of the tnbe, their trae distance apart, 
Bince the distance between the nodal points is an aliqnot part of the 
length of the tnbe, so that the highest and lowest knots must lie at half 
this interral firom the end of the tnbe. As soon as the correctness of 
these positions is verified by experiment, mark them, by pasting slips of 
paper opposite them, so as to be able to exhibit qnickly the difference in 
the motion of the sand according as the frame is on a nodal point or a 
waTe. To show the same thing with a closed pipe, make a pasteboard 
tnbe closed at one end, as long in the clear as the interval between the 
nodes, and jnst wide enongh to fit over the glass tnbe. Make a little hole 
in the middle of the bottom, and draw the string through it. If this cap 
be pat on the glass tube so that its lower edge reaches the last nodal 
pointy the whole length of the tnbe is increased by half a wave length, 
and tibe sand in the frame will show the knots still in the same place ; the 
motion of the sand in the waves will even be livelier than before. If the 
cap be raised or depressed a little, the tone will become weaker and the 
sand will scarcely move at all. 

The length of the tube may be found from the nodal interval, and the 
pitdi deduced approximately from this by taking a = 440 vibrations, and 
this compared again with the piano or monochord. Although this is not 
soitable for class instruction, it is good practice for one who must study 
thete things closely. The same experiment may be repeated with various 
notes from the plate, in order to attain the requisite dexterity and 
certainty. 

[145j TII6 SireiL — If the siren has an index, it may be connected 
wldi the bellows of the blast-table, by substituting a bent glass tube for 
the brass one, and connecting this with the tube of the siren. A seconds 
pendolam may be used to measure the time. The pitch of the siren may 
be altered and maintained at pleasure, by changing the weights on the 
bellows. The real siren has two disks revolving one above the other, 
and the sound is produced by the joint effect of numerous holes, by which 
means even the low notes become clear. When only one tube blows 
against the apertures in a wheel, the low notes are indistinct, and are 
rendered inaudible by the unavoidable hissing. Any siren will give high 
notes distinctly enough. The whirling machine may be made to serve 
instead of a real siren. Screw upon the axis of the jrVa 286 
machine the block a a, fig. 286, which has a wooden 
screw above, over which disks of pasteboard may be 
slipped, and kept down by a wooden burr b b. The 
pasteboard disks must be very even and perforated with 
holes abont a line in diameter, at regular intervals near the circumference. 
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The holes may be made with an ordinary punch. A second and third 
row of holes may be punched in the same disks, and the interrals should 
always very slightly exceed the diameter of the holes. 

Bend a stout wire, as in fig. 287, and fix the clamp bbb on the side of 
the base board, so that a will stand directly over the row of holes; duten 
the blow-pipe to this so as to come as near to the disk as possible without 
touching it. The blast-pipe may be a wide tin tube with a fine h<^ is 
the bottom, or a glass tube drawn out to a point In either case a moiitli- 
piece of glass is fitted to it by a flexible connector. A strong blast not 
being required, it is generally produced by the mouth, and the wheel 



Fig. 287. 



Fig. 288. 






turned more and more rapidly until the desired pitch is attained. With 
a heavy driving-wheel the pitch may easily be maintained long enough to 
observe, with the seconds pendulum, how many revolutions the driving- 
wheel makes in a second. From the ratio of this wheel to the pulley, 
and the number of holes in the disks, it is easy to calculate the number 
of vibrations corresponding to the pitch. The experiment should be made 
by two persons. 

Unless the driving-wheel be heavy, a low note cannot be maintained 
uniformly, but high ones may even with a light wheel. 

The upper part of the bent wire might be finished as in fig. 288. 

A wheel with sharp teeth may be fixed concentrically on the axis of 
the whirling machine, and made to strike against a card held nearly 
parallel to the surface of the teeth, producing a musical tone. 

[146] The monocliord. — The monochord consists of a rectangu- 
lar fhime ABC, fig. 289, made of strong hard wood, with a sounding- 
board of straight-grained pine free from knots. Two bridges aa,bb rest 
partly on the soanding-board with their perpendicular side toward it 
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Hie soimdiDg-board is coated with vhite paper. Two Bteel piano wires 

m flutoaed at one end to slanting pins c c, and one of them stretclied b; 

Fig. 289. 




Fig. 290. 



tbe pin d, the other hj a weight worliing over a pnlley. The soanding- 

board mnst be very even, so that everf point of the string will be eqnall; 

diEtant from it Id order to restrict the vibration to a giren part of the 

itring, it mnst be held bj a bridge which will not alter the tengion. This 

it eaailj made by taking two pieces of hard wood with sharp projecting 

edgea, coTeriag them on the inner side with leather, and fastening them 

together by a leather hinge. The lower one mnst project somewhat and 

have a mark drawn firom the sharp edge perpendicular to the base, fig. 390 ; 

ttii mftrk serves to place the edge of the bridge 

directly over a division of the monochord. The 

npper piece is then shot down and held by the 

finger, or a small weight. The string is thns 

held fast withont injury, and the rest of the 

string prevented from vibrating. If both parts 

an to vibrate, a simple bridge like fig. 291 is 

•et nnder the string which alters its tension 

somewhat ; bnt this is of no importance in this 

case, the onlj object being to show the nodes 

of Tibration. 

For this purpose a line is drawn nnder the string, 
which is stretched on a pin, and divided into thirds, 
fonrtbs, and Bflfas. Set the mark a of the bridge, fig. 291, 
over one of these lines, hang little paper riders on the 
wii^ ud Mt it in ribratJon, with the finger or violin bow. 




Fig. 291. 
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The monochord may be used to show that the nnmber of vibrationB is 
inverselj as the length of the string. A line is drawn nnder the string 
which is stretched by a weight, and marked with divisions corresponding 
to the notes of the octave, as shown in fig. 289. The string is drawn 
tightly enough to give a clear note, with which the other string is made 
to accord. The string mast be slightly raised with the finger, so dial 
the effect of the weight will not be lessened by friction on the liridge. 
Set the bridge, fig. 291, on the proper division, the segment of tfaA stxmg 
will give the note required, which may be compared with the kqrHiote 
given by the other string. 

The monochord can seldom be used to show that the nnmber of vibra- 
tions is proportional to the square root of the tension, on account of the 
length of the string, which would make a greater weight necessary than 
the string could bear. But by taking the weights = 4:9, including the 
weight of the hook, the string will give the fifth, which may be compared 
with the other string, previously tuned to the same pitch as the string 
with the weight = 4. 

To show the effect of the thickness, the diameters of the strings must be 
in a simple proportion, and they must be stretched by equal weights. It 
will be very hard to find such strings. 

Besides these experiments, the monochord is very useful to the physicist 
in studying the musical intervals, and many other points in acoustics. 
For this purpose the length of the sounding-board should be divided into 
1000 equal parts, and marked under the weighted string for the chief 
notes of the octave, and all the secondary notes for sharps and flats, and 
likewise the different temperatures. These divisions may be distinguished 
by lines of different length, and by different colors. Every one who 
wishes to study this part of natural philosophy thoroughly should there- 
fore make his monochord as complete as possible. 

[147] Longitudinal vibrations.— These are most easily pro- 
duced with a glass tube, about 1 centimeter in diameter, held in the 
middle with two fingers, and one half gently rubbed lengthwise with a damp 
woolen cloth. As long as the glass tube gives a sound, its moist surface 
will seem ruffled. A loose cork introduced into the end of the tube will 
move while the sound continues, and advance gradually toward the 
middle. If wooden or metallic rods be used, the cloth must be strewn 
with rosin, or a short glass tube must be cemented to the rod, and the 
surface rubbed with a wet cloth. By varying the force of the friction, 
notes of different pitch may be produced, but it does not succeed well 
with every glass tube. Wooden rods are easily made to sound. By 
fixing into a block four rods of fir, the longest 1^ meters long and varying 
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from 6 or 8 to 5 or 6 millfmetflra in thickness, the^ maj be nutde to form 
together an iccord, bj trimming off the ends of the smaller ones, fig. 292. 
The tipper half of the rods is rnbbed vith two fingers dipped in powdered 
roam. 

[148] The toning-fork. — Tnning-forka of FHg. 292. 

dUhnnt pitch may be pnrchased at the music Btores. 
ChooM snch as give a clear tone near &, on a sonnd- 
fag-boud, and maintain It (or some time without 
rising. Two are needed : one tnned accurately to a, 
the other so as to produce an interference with the 
Srrt abont t times in a second. They are taned by 
ihortcning both l^s with a file when the pitch 
is too low, and filing off the inside of the legs when 
too h^h. Both legs mnst be made as nearly alike 
■■ poerible. The fork is made to vibrate eitiier by 
itriking one prong gently against a board and rest- 
ing the handle on a table or a sonnding-board, or 
by drawing a well-rosined bow across the enda of 
both prongs, or by striking them vith a little wooden hammer with a 
■harp edge corered with leather; the latter mode produces & very clear 
■onnd. 

[149J Interferenoe of the aound^waves. — To show the 

iateiference of the waves of the two prongs of a tnning-fork, hold it while 
rihnting, horizontally over a TesBel 1 inches high and 3 to 4 inches wide, 
and turn it slowly on its axis : daring each revolution the sonnd will be 
heard to rise and sink fonr times. The same observation may be made 
i^ rimply revolving the fork near the ear. 

The pulsations of sound produced by the iut«Tference of two tuning- 
forks set on the same aoonding-board, a table, or an empty box, is most 
distinct when the proi^ of both forks vibrate In the same plane. The 
easiest method of bringing two sonorous bodies into perfect accord is by 
observing these pnlsations. The ear alone is apt to deceive us when the 
accord is nearly perfect, especially when the timbre of the two sounds is 
nrj different 

To produce the interference which the key-note makes with its fifth, 
take the closed pipe and place the plug so that the pipe will be exactly a 
fifth lovrer than another open pipe ; mark the position of the plug on its 
handle for fntnre experiments. By taking the two pipes between the lips 
and blowing with the same force through both, the next lower octave 
will be disUnctly heard with the other notes. It is, however, not easy to 
blow irith the same force through two pipes withont the aid of a bellows. 
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Fig. 298. 



If B forked tabe, tike fig. 293, be made of trood or pastdioaTd, with 1^^ 
loi^ enough to extend over the screw b in fig. 2T9, to within hidf a line 
of the glass plate fastened in the clamp, and the opper end 
of the tnbe be covered with thin paper etrewn with sand, 
the sand will be motionless when the two ends of the tnbe 
are held over two part£ of the glass moving different waju 
Bnt if the tnbe be held over two places which are moving 
upward and downward together, the sand will be brisklj 
agitated. The latter is the case when the tnbe is held over 
two diagouallj opposite aqnares of a pane of glass which 
1 gives the simple cross, while the former result is prodnced 
I hy holding it over two adjoining squares. 

Tbe Hand on the paper often forms a sonnd-figore, which 
has, however, no relation to the one below. To make this fignre clear, 
the paper must be stretched on a movable cap a 6, so as to alter the 
length of the tube as required. 

[150] The interference of the waves is still bettor shown by an exp«i- 
ment of Herachel'a, which Ndrremberg has repeated in the following 
nmple manner: The tube shown in profile and section in fig. 294 is made 
Fig. 294. 





of wood, and is built into a partition wall, either entirely or so as to leave 
the greater part of the end a free. The sound produced at a divides on 
the sharp edge of the inner partition, and unites again in b, after traven- 
ing the unequal arms c and d. If the length of the wave prodocing the 
tone be double the difference between the two arms v and d, the two sets 
of vibrations will be hidf a wave apart when thej come together, and no 
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Mimd will be produced at A; bnt the soand will instantlj become audi- 
ble when either arm ia closed bj a elide fitting accaratelj in b. When 
the pitch IB raised an octave, the two aete of waves will coincide, and the 
sonnd will be loader when both amis are open. The two openiDgs a and 
b mnBt be in two entirely separate chambers, otherwise the direct wave 
will interfere with the result 

Tbe sonnd in a is beat produced by an open^pipe, the length of which 
is eqoftl to the difference in length between the two arms c and d : it mnst 
be compaiativelj narrow so that the pitch can easily be raised by a 
•tronger blast; the third octave will then often renew the interference. 
The axes of Uie pipe and tube mnst coincide, and their apertures hn 
together. Fasten the pipe in this position, and connect it with the 
bellows by flexible tnbes and a small stop-cock; it is easy to regulate the 
blast by means of this stop- 
cock BO that the sound of ^- 295. 
the pipe shall be steadily 
naintained. If the bellows 
act irregnlariy, let the blast 
tint pan dirongh a large 
glass bottle, with which the 
[Hpe is connected, as seen 
In fig. 295. With the lud 
of Euch a bottle and a long 
flexible tnbe, a consUnt tone 
may be obtwned with the 
mouth; bnt the moisture of 
the breath spoils any jdpe 
alter a time. 

A very steady blast may be maintained, according to Ndrremberg, by 
an arrangement of two large bottles like 6g. 296, the upper acting as 
a Mariotte's vaae wHh a siphon, tfae lower having besides the pipe a 
fanne] with a stop-cock. If one has no fnnnel with a. stop-cock it is 
ta^ to make one with a good cork, as shown in the figure, where the 
•man eork closes the loDgitadiual opening of the larger more or 
less. The flow of water, and consequently the pressure of the air, is so 
ngn]at«d by tlie cock that the pipe will give the tone desired, and the 
lir-tabe of Mariotte's vase is set at such a height that the funnel is kept 
always fnlL When tlie upper bottle is emptied, change the corks and 
their tabes, and take the lower one for the upper, which is the work 
of a moment. 

Patiance is needed in making snch narrow pipes, for it is not easy to 
12 
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obtain the kej-uoto with them: for this reaBon thef had better be made 
of glass, and the plag of wood or cork can then be altered nntil the right 

Fig. S96. 




note is obtained. The notch ma^ be cnt in the tube with a file dipped in 
tnrpentine, and the tnbe ahonld be cnt off in the same way, so as to have 
exactly the proper length. 

[151] The communicatioii of vibrations may be shown by 
simply soniidiDg a clear note, either with the throat or a pipe, near an 
open piano, the corresponding string of which will sonnd in nniRon. The 
experiment is made moch more striking by passing an iron wire, abont 2 
or 3 millimeters in thickness, throngh a small bole from one apartment to 
another remote one, end placing one of its ronnded ends on the bridge of 
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a piano, and the other end on the BonndiDg-board of the Diooochord. A 
tiiDe plajed on the piano will be heard at the other end of the wire, more 
or less distinctly according to the excellence of the soDndiDg-board, bnt 
with a somewhat altered soand. 

Two tabes open at both ends and provided with sonodiDg-boords, fig. 
S97, on which tnming-fDrks of precisely the same pitch are set, show the 
same phenomenon. If the bow be drawn across one fork, the other will 
Bonnd in nnison, even when at some distance, which maj be perceived 
more diatinctl; npon stopping the other with the finger. 
Fig. 297. 



Fig. 298. 




[153] Tbe organ of TOice.— The simplest illnstratlon of the 
general action of the hnman vocal organ, is famished by the lips ; jast as 
these prodnce rarioas tones by different degrees of tension, e.g. in blowing 
a tminpet, so the so-called vocal chords act. To illustrate this by a thin 
membrane, tie a piece of indio-rabber tnbe aronnd a glass tube, fig. S98, 
and stretch ont the sides with the fingers so as to form a simple slit, and 
blow through it ; by varying the tension different tones may be prodaced. 

[153] In exhibiting the stractare of the organs of hearing, models of 
papier-mach6 and the ear-bones of a calf will be found snfflcient for every 
parpoae. 



CHAPTER IV. 

EXPEBIMINTS ON LIGHT. 

(a.) OV THE TBAHSHISSIOir AHD IHTEHSITT OF LIGHT. 

[154] The general discnssion of the nature and distribution of light 
needs little aid trom experiment A few definitions, snch as Reflection, 
Refraction, Transparency, etc., may be illnstrated by examples. 

Reflection is best shown by a sunbeam falling on a mirror in a dark 
room, the direction of the reflected ray being made visible by the illumin- 
ation of floating particles of dust 

Reflraction may be exhibited by laying a silver coin on the bottom of a 
shallow vessel, fig. 299, so as to be just out of sight, and pouring water 
into the vessel, when the coin will appear in the direction % i. 

The transparency of thin lamiiin 
Fig, 299. ^ may be illustrated by gold. Lay a 

sheet of the thinnest gold-Iea( about 1 
or 2 inches square, on a pane of even 
glass, cover it with another piece of 
glass the same size, and paste paper 
around the edges of the two pieces. 
To lay the gold on smoothly, breathe 
on the glass and lay it on a sheet of 
gold-leaf, and trim the edges with a 
sharp knife well cleaned on a piece of leather, by simply pressing on the 
edge rather than drawing it along. 

The law of the diminution of light with the distance needs no experi- 
mental demonstration. It may be shown approximately by placing four 
candles in a row on a stand, and comparing their light with that of a 
single candle of the same kind at half the distance. The comparison may 
be made either by observing the darkness of the shadows cast on a white 
wall by an intervening body, or by the photometer. 

The candles must all be taken from the same package, and four of them 
arranged on a stand in a straight line with the photometer, as in fig. 300, 
so as to measure from the middle point 

[155] The photometer. — Among the various means of comparing 
intensity of the light from two sources, the most convenient are Ritchie's 
(180) 
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pbotometer, uid tbe compaiisoD of the depth of the sbadowG. Ritchie's 
photometer conafsts of a long box, A S, A B, 6g. 301, blackened ioteni- 
Fig. 800. Fig. 801. 




•11;. The light, pusing throngb two semicircnlaT openings in the ends, 
bJlB upon ft rectangular prism of vood c covered with white paper, placed 
•xactlj in the middle, and illnmines both aides of it A ciicnlar opening is 
mode in the top B, two-thirds of the width of tbe box, and so placed that 
the edge of the prism corresponds to the diameter of the opening. This 
apertore is covered bjr a short, blackened tabe D, to exclude extraneous 
ligbt, with a small bole for the eye. The apparatus may be fixed hj the 



stem E in one of the sockets of the 
beam described in connection with 
the concave mirror, or in the little 
stand, fig. 302. Several snch stands 
and some larger tripods like 6g. 
303 will he needed for various pur- 
poses. 

In Older to compare the inten- 
ritj of two lights, thej mnst be 
placed at the same height as 
the photometer, about 20 or 80 
feet apart, and the photometer 
placed iu a straight line between 
them. Now observe the illumination 



-Pig. 308. 



Piff. 302. 
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of the two sides of the prism, through the hole in the tabe D, and moTe 
the photometer nntil both sides are equally illuminated. It is well to 
avoid looking directly at the lights daring the process, as this lessens the 
sensibility of the eye to slight differences in the brilliancy of the illumin- 
ation. With this precaution, the correct position of the photometer may 
be attained within 4 or 5 inches. The comparison is most difficult when 
the two lights are differently colored, e,g, when a lamp with a white flame 
is compared with a wax candle, which always burns with a yellowish flame. 

When there are several illuminating bodies to be compared, it expedites 
the process to have a lamp which bums with a steady flame fixed at an 
invariable distance as a standard of comparison, and change the position 
of the other lights until both sides of the prism are equally illuminated. 
Mechanical lamps are very well adapted to this purpose. 

To compare the power of two luminous bodies by moving them until 
the shadows cast by an interposed body are of equal depth, nothing 
more is needed than a stick half an inch thick and a white wall. This 
process is less accurate than the other, because the glare of the white 
wall makes the eye less sensible to slight differences of light. In all such 
experiments a trial should be made to ascertain what degree of accuracy 
may be expected. It may be done very easily in this case by having an 
assistant move the lights without the knowledge of the experimenter. 

In this method of Rumford's the dissimilar color of the flame causes 
more difficulty than with Ritchie's photometer, but it is better suited for 
class illustration because more persons can observe it at once. The lights 
should be so placed that the shadows shall fall close beside each other. 

[156] Bunsen's photometer. — The flame of a good lamp is 
surrounded by a tin box with a sliding tube d, as seen in fig. 304. The 

Fig. 304. 
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end of this tube is covered with letter-paper, which is rendered transparent 
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bj stearine, leaying a ring ^ or ^ an iDch wide and ^ an inch internal 
diameter antonched. The paper should be warmed, and then robbed 
with a warm stearine candle. The laminoas body to be compared is 
placed in front of this tube, and moved until the opaque ring entirely 
disappears; and the same process is repeated with every light compared. 
The relative intensity of the lights can be ascertained by measuring the 
distances of the two from the paper screen. This process is less dependent 
on the color of the lights than the former ones. 

[157] Shadows and half-shadows. — The simplest way of 
showing the difference between these two is by hanging up a ball, ^ to 1 
inch in diameter, in the sunshine, and allowing the shadow to fall on white 
paper. The same is very prettily shown by a lamp with a round waste-cup. 

Any sharply defined flame may be used for this purpose, by casting a 
shadow with a body less in diameter than the flame. Hollow flames are 
not suitable for the illustration, because they cast two shadows, the sides 
of the flame giving more light than the middle. 

The phenomena of the camera clara belong here. It needs no special 
apparatus for its illustration ; it is only necessary to attach to the board 
intended for the heliostat a slide with an aperture half an inch iu 
diameter ; on darkening the room inverted images of external objects will 
be seen on the opposite wall. The smaller the aperture, the sharper will 
be the outline of the image, and corresponding care must be taken to 
exclude the least ray of extraneous light. If the room cannot be made dark 
enough to show the image, a camera 
dara may easily be made of two tubes Fig. 305. 

of pasteboard A B, fig. 305. A is closed 
at one end and pierced with a hole 
about 1 line in diameter. The end of 
B, which is inserted in J, is closed 

with a plate of ground glass or rice-paper. Hold the opening of B close 
to the eye, and direct the tube toward a strongly illuminated object 

(6.) EXPEBIKEHTS OH THE EEFLECTIOir OF LIGHT. 

[168] Flane mirrors. — Besides the ordinary plane mirror, there 
should be a piece of plate glass thickly coated on the back with Indian-ink, 
a mirror made of two pieces set at an angle with each other, and two parallel 
mirrors. The latter should be set in black wooden frames. The jointed 
mirror generally has an inclination of 60^, fig. 306 ; but it is better to con- 
nect the two parts by a hinge, so that they can be set at any angle. To 
these may be added a kaleidoscope, which can be bought cheaply in any 
toy shop. This may be easily made by setting two dips of ordinary 
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lookiBg-glBM at on aogla of 60° in a tnbe of putoboard aboot 1 inches 

long, as seen in section in fig. SOT. The tnbe is cloned near one end by 

a disk of clear glass a, fig. 808, and at the other bj a pasteboard corer 

Fig. SOS. Fig. 308. 





with « small aperture. Some pieces of colored glass, shreds of colored 
paper, etc. are laid in the space before the glass at a, and a short tnbe 
closed with a disk of ground glass is slipped over that end. 

[159] The following simple apparatus lias been contrived b; Uiiller 
to illustrate the law of reflection. A strip of brass is taeked aronnd a 
Fiff. 309. 




semicircular board A, fig. 30!^, and one-half of it graduated into degrees 
A conical pin, which can be fastened by a screw below, works io the center 
of the semicircle, and carries the index b c, which b bent upright at the 
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extremity. Od this iDdaz m small plane mirror/ is accaratel; centered. 
The raj of light ia allowed to roll on the mirror throngfa the slit a. Th« 
index shows the anf^le of incidence, and the point to which the ra; is 
reflected donble the same. The accuracy of the adjustment must be 
tested before the mirror is permanentlj fixed. The apparatus shows also 
that when the mirror ia turned a certain number of degrees the reflected 
ny advances twice as muij. Upon this principle Wheatstone conatmcted 
kis apparatus for measuring the velocity of the transmimion of electricity, 
[I6O3 Th6 hdliOHtat. — The helioatat is one of the most indispens- 
able inatrnmeuts, tKith for claas illostrstion and for physical research ; it 
afaoald, therefore, be obtuned as soon as a permanent place for it can be 
had. Id its simplest form it coats rery little. It has already been men- 
tioned that the room In which optica ia to be taught most have a proper 
expoanre to the Bun. The apparatus room shonld be similarly situated, 
so Uiat the experiments can be properly prepared and the teacher have 
opportunity for research. 
The simplest form of the heliostat conslBts of a square board A B, flg. 



810, of hard wood with a broad r^bet Gt- 
ting in a bole in the shutter, and kept in 
place by two screws like fig. 311. In the 
Diddle of this board is a conical bole 
ntouDted on the inside with a brass rim, on 
which a thread is cat for the purpose of 
serewiag on rarions attachments. Instead 
of the brass plate a short tube of wood or 
pasteboard may be used. On the outside is 
a long, narrow mirror in a wooden frame, 
hinged to the wooden pin D E. This is 
thown OD a larger scale in Gg. 313. The 
pin baa a bead at F, and can be tightened 



Fig. 310. 





by the nuts (7 0, so as not to turn by the weight of the mirror. W^ 
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the pia ia fixed in ite place, the batton E ia glned on. The striag JIT, 
pualDg through a smooth hole in the board, and Tinding on the pin J, 
allows the mirror to be set at anj angle. 

The mirror must be made of rery thin, clear glass, so as not to form 
more than two images, and these as close as possible to each other. It 
need not be mncb wider than the apertnre G, bnt on ita length will depend 
Its power of reflecting the ra;a of the sun horizontally when the latter 
is near the horizon. 

Fig. 313. In the simple arrange- 

ment jnst described, the 
position of the mirror in 
respect to the pin J is 
T&ried by tnraing the pin 
E, and the string K foe- 
comes obliqne to the mir- 
ror, which may in time 
affect the firmness of the 
apparatus. This diScnlq; 
is obrialed in the arrange- 
ment shown in fig. 313, 
of balf the natnral size. 
Here the support of the 
mirror is made of brass. 
A handle D ia fixed to 
the square head of this, which serres to turn the mirror. A screw E, 
passing through this brass axis and pressing [gainst the arm F, serves to 
elevate or depress the mirror. 

By making the support of the mirror longer, as seen lu fig. 814, and 
fastening it to the frame by a slide and screw, a mirror of blackened glass 
may be substituted for the ordinary one. This gives a clear image of the 
eon, and light enough for most experiments. 

Neither of the arrangements described costs much. The position of 
the mirror must be constantly shifted in order to keep the beam of light 
in the same direction, and some practice is required to do this properly. 
Hfiliostats with clock-work and metallic mirrors are very expensivd, 
although they have been of late much simplified. 

[161] EiperimentB with concave mirrorB.— The wooden 

stand Been in fig, 316 is very convenient for theao and other experiments 
in this section. .^ B is a Etraight, slender bar of pine, 12 to 15 feet in 
length, supported on the tripods M M, which are Btnck in holes in the 
beam so that they can be easily separated. This bar is divided into 
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ineliM. The slides P F P, Hg. 316, slip over it and can be fostened b^ 
vnwt 8. These slides are a whole Dumber of inches ia breadth, and 




likewise dirided Into l^dotia of an inch. Tariong pieces of apparatas 
can be fixed in the sockets S attached to these slides. The sockets miKht 
be fixed to a board sliding in a groove in the top of the bar, bat it 
would be difficalt to make them firm in this way and at the same time 
etrily morable. A small lamp, fig. 317, is fixed on one of the slides. The 
Fig. 816. Fig. 811. Fig. 318. 



I I 




voodn frame C, on which the white paper screen is stretched, mast be 
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made luge enoagh to receive the whole image whhb the mimr nflaeti 
firom the opposite end of the bar. 

Gaslight renders the experimenter iu optics in some cues independent 

of sonshiue. This maj be arranged b; flzing a board with a rim to one 

of the slides, as in fig. 818 ; in the socket of this slide the stem of the 

argand gas-bnnier, fig. Slfi, may be inserted, uid connected hy a flexible 

Fig. 820. 




hose with any gaa-bnroer in the room. Over this bnmer Is placed the 
sheet-iroQ chimney, fig. 320, which has a slit on one side for the hose, and 
an opening at the proper height to place slides before the light. This 
arrangement prevents the general diffnaion of the tight in the room. 

When the image falls between the object and the mirror, a slip of 
paper, half an inch wide and an inch long, ia fastened to a wire which ia 
bent at right angles at abont half the breadth of the mirror from the ride 
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of the bar. The mirror mngt then be tamed to correspond, so that the 

iDtge shall fall oatside of the bar. 

The screen in these and a nnmber of other experiments may be covered 

with rice-paper instead of letter-paper ; the image, thongh not so bright, 

is then visible from both sides. The frames should be about the size of a 

sheet of letter-paper, and the paper stretched just as on a drawing-board. 

Adj ordinary concave mirror will answer for these experiments. Even 

watch-glasses coated on one side with black sealing-wax, by heating them 

ootil the wax melta on the surface, do very well. But to make the image 

Tisible without any wenukf the mirror must be wider and have a shorter 

focus, in order to render it visible to several persons at once. Reflectors 

with a focal distance of 1 to 2 feet, and at least as great diameter, made 

of brass and polished by the brazier, are better for this purpose than more 

highly polished mirrors of less concavity. The experiment succeeds with 

a mirror 8 or 4 inches in diameter, but the image is visible only to one 

person. It may, however, be shown to many in rapid succession, by 

holding the mirror in one hand and the caudle at a proper distance in the 

other, and throwing the reflected light upon the faces of the audience in 

torn. 

The flame of a candle does very well as an object in these experiments, 
but a bonqnet of artificial flowers of bright colors is usually chosen, and 
10 placed as to be highly iUuminated and yet invisible to the audience. 
A i^ass of water may then be placed where the image will fall, and the 
flowen win seem to float in it It is very important, with reference to 
the fiitare consideration of more complicated instruments, that it should 
be distinctly understood that this aerial image exists entirely independently 
of the white wsJL For this purpose concave mirrors are preferable to 
lenses. 

[16Sj CfOnvex mirrors need no special illustrations. A clean 
wine bottle of dark-green glass answers admirably to illustrate the efiect 
of c^iadritel and conical mirrors. 

(c.) BZPESIMEHTS OV EEFBACTIOH. 

[1683 ^^ exhibit the mere fact of the refraction of light, a rod immersed 
in water, or a ray of light rendered visible in a dark room by particles of 
dnst^ and allowed to fall upon turbid water, is quite sufficient To prove 
the law of refraction by actual measurement requires some apparatus. A 
very simple and instructive experiment is to draw upon a piece of tin 
painted white, or varnished pasteboard, two black lines at the angle 
corresponding to the refraction of light passing from air into water, and 
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immene the sheet with the drawing, fig. S31, in wstor ap to a &; the 
line ode will then appear straight 
The apparatus shown in fig. 3SS enables as to measore the angle of 
Fig. 883. 
Fig. 321. 




refraction for different fluids. The variety of fluids which can be used 
depends on the materials of which it is constracted. If the body of the 
apparatus be made of wood covered with copal Tarnish, it can be nsed 
onlj for water. The straight side a 6 is made of a piece of plate glaai 
and covered with tin-foil. A very smooth cut may be made in the middle 
of the foil, leaving the rest opaque. The gloss is cemented with puttj 
into groores on three sides. The apparatus may be placed on a table 
for use, half Blled with water, and the light of a candle, or a ray of light 
from the heliostat, directed through the slit iu the foil. The part of the 
beam above the water indicates on the graduation the angle of incidence, 
and the part passing through the water the angle of refraction. Two or 
three experiments will prove that the sines of these angles preserve a 
constant ratio iu the same liquid. 



Fig. 323. 




The apparatna shown in fig. 323 is 
also convenient It consists of a 
box made of squares of plate glass, 
open Bt top, aud let into a board at 
the bottom and ou one side, to B 
depth equal to the thickness of the 
glass. When half filled with water 
and the snn allowed to fall on the 
side d c, the shadow within the 
water will be narrower than without 



The phenomenon of refraction ma; also be exhibited by transmitting 
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inj of light in a dark room, through a wide glasa filled with wtttor, into 
wbich powdered chalk has been stirred and allowed to etaad some hours. 
The path of the heam through the &ir will be marked by illnminated 
pirticlea of dnst, and through the water bj the particles of chalk. 

[164] Total reflection. — The same turbid chalk-water may be 
QMd to exhibit total reflection. Direct the light first on the plane mirror 
0, fig. SS4, BO as to give the reflected ray the proper direction for total 
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refleetion from the sorfoce of the wat^r. The direction of the ray through 
the water will be visible, and, if the proper angle is chosen, no light 
win be seen passing tbrongh the sarface of the water. The vessel should 
be 4 to 8 inches in diameter, and the aperture in the beliostat not over ^ 
•n inch. ^ vessel made of plate glass answers the purpose best. 

Among the phenomena which depend on total reflection, there are 
■anj which may be used as farther illustrations. Newton's blue bow on 
the nnder surface of a glass prism is one of the most frequently cited, but 
it is not adapted for class instruction. The three following experiments 
■n easilj made : — 

{1) An object outside of a glass filled with water cannot be seen 
Ifarongfa the liquid from above, unless the direction of vision is very 
obtiqne to the snr&ce and the vessel very wide. 

(S) Fill a glass about § full of a sirup mode of white sugar, which may 
be tolerably thin. A stratum of water may be poured upon this from a 
spoon held near the surface, without causing much mixture of the two 
Hqoids. Paste a few letters drawn on white paper on the glass just 
bdow the contact sur&co of the two liquids. On look- ^^ ^25 
at this surface from below the letters will he seen doable, 
ooee direct and once by total reflection. 

(8) A test tube of thin glass, about ^ an inch in 
^ometer, plunged into water, as seen in fig. 325, appears, 
when seen fh>m above, to be filled with mercury. When 
putty filled with water, this metallic luster disappears 
M fiir ■• the water extends. 
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It is evident firom this that mnch more light is reflected bj total 
reflection than firom a metallic mirror, for when the tnbe is partly filled 
with mercnry that part appears qnite gray in contrast with the other. 

[165] Lenses. — ^Experiments with conyex lenses are made on the 
stand, fig. 315, with the screens belonging to it The lens best adapted 
to the purpose has a diameter of several inches and a focal distance of 
about a feet The lens is set in a frame with a stem fitting in one of the 
sockets of the stand. The aerial image shonld also be shown in this ease 
without the white screen, and the difference between it and the image on 
the screen pointed out. In this case also, as with the mirror, the image 
appears behind the glass and enlarged before the rays become divergent, 
which is apt to cause confhsion. 

We often wish to measure the focal distance of lenses. For this pur- 
pose the glass is held opposite the white wall of a room so as to form a 
distinct image of a window 15 to 20 feet distant, and the space between 
the image and the lens measured. For more accurate measurements, 
fasten a plate of ground glass to a graduated rod and move the lens along 
this rod until the image is distinct If the lens be fixed to a slide the 
image may be inspected with another lens, so as to obtain the greatest 
distinctness. 

[166] Prisms. — A highly polished prism of flint glass with an angle 
of 50° to 60° should be chosen. They are very expensive, but such a 
prism, even 1 centimeter in length and breadth, is more useful than a 
great piece of common glass, which will not cost much less. It shonld be 
bought on condition that it can be used to exhibit Frauenhofer's lines. 
It is easily mounted, as shown in fig. 326. The prism is mounted on a piece 

of wood or brass, terminating in a screw. The nut 
c serves to fasten it to the broad end of the arm a b, 
which is hinged by a screw joint to the rod a c. 
This rod fits in one of the stands, fig. 302. This 
arrangement admits of its adjustment in any 
position. 

With a little mechanical skill, one can make 
hollow prisms for himself. Prisms of brass, like fig. 
327, cannot be used for acids, and even sulphide of 
carbon decomposes slowly in them. It is better to 
take a square bottle with ground stopper, grind off 
two of the comers, and replace the sides by pieces 
of plate glass fastened with brass bands and screws. 
I Fig. 328 shows the prism without the plates. If 

^ the prism is designed for sulphide of carbon only, 



Fig, 326. 
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lk> plates nu7 be fastened vrith uinglus cement The salphide of carbon 

Mj be left permanent]; in U» priBm and covered with a Btratam of wateri 

Fig. 827. Fig. 328. 





ot poured in at an elevated temperature and closed by a stopper 
cemented in with innglass. Sufficient space most in any case be left for 
the expansion of the liquid by heat The grinding and adjusting snch a 
glasB is not BO troublesome as one may imagine. It i.i done first on an iron 
l^ate with sand, and finished with Sue emery on plate glass. 

In filUng and emptying the prism, a pipette or glass tnbe with a fine 
point should be nsed. The point of the pipette mast reach to the bottom 
of the glass. 

[167] Experiments with prisms can only be made in a dark room, into 
wUcb light IB introdaced 



throngb n ronnd apertnre. 
To hare the colors distinct 
this aperture mnst not ex- 
ceed 1 or 2 lines in diameter. 
For most experiments a nar- 
raw stit not longer than the 
prism, is better. The edge of 
the refracting angle and the 
lilt shonld both be Tertical. 

Figs. S39 and 331 show an 
■mngement of slides for re- 
gelating ^e width of the slit 
F%. 880 is a tnbe designed 



Fig. 329. 



Fig. 330. 
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to slip orer the permanent tube in the Rpertnn, In cue tbora is om 
Fig. 83S represents a contrivaiice hj which the edges of the alit an kapi 
always parallel. The little Iiara c c tarn on the screws a a, and act lib 
parallel rulers. 

The lenses, prisms, screwy 

etc., may be Bzed on standi 

Uke figs. 803 and SOS, p. 181. 

The principal experiment! 

are the following: — 

(1) The spectmm itself. 
A ronnd aperture may be 
nsed at first to show the 
roDDdlng of the upper and 
lower eods. It is thrown oo 
a screen of white paper. 
(3) The combination of all 
h colors makes white. For 

||!^^ this experiment the slit ii 

^^^H . - . _ .. nsed, the prism placed at • 

distance of 5 to 10 feet tkom 
it, and the apectmm thrown on a coDvez lens wide enongh to receive it 
The distance of the lens firoin the prism most be snch that it will give ■ 
magnified image of the refracting face of the prism. A. white screen ii 
placed where this image falls. If the refracting edge of the prism is 
parallel to the slit, the lens perpendicnlsr to the direction of the beam, and 
the screen slightly inclined bo that the side where the blue rays fall ia a 
little nearer to the lens, a clear white image of the prism will be obtMoed, 
with only a very narrow bine margin on one side and a red one on the 
other. An achromatic lens acts better, bnt achromatic lenses of consider 
able dimensions are very dear. By obstructing parts of the spectmm bj 
strips of black paper, the complementary colors are shown very beanti- 
fnlly. 

The experiment may also be made by looking at the spectmm throngfa 
a second prism. The slit in the bcliostat will then be seen in its natural 
size, and white ; bnt as this can only be seen by one person at a time it ii 
not suitable for cIbbb instruction. 

Another contrivance for showing the combination of all colors, is the 
oscillating prism, 6g. 333. The vertical axis a is made to revolve by s 
spring and cogged wheel. The bar^, fig. 334, la fastened to the mounting 
of the prism, and the pin h on the disk c works in the slit in tLis bar. 
By this means the prism Is made to oscillate rapidly. The extent of this 
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onllBtion nnut be Bnffictent to &drance the prism its whole length. 
t be BKert^ned bj a prerioaa experiment, and the size of the 



Fig. 838. 



Ak c and the length or// arranged occonJinglj. 
The fignre ii about half the real aize. 

(8) To ahow that orange, green, and violet ore 
Bot eomponnd colon, cut in a sheet of paper a 
riit of len width than the color to be examined, and 
kt It pan through the elit to a second prism. 

(4) When the spectrum is thrown on a second 
{mnn, whose axis is at right angles to the Grst, an 
oUiqiie spectnun is obtained. To make this well- 
kaovn experiment handsome, the second prism 
Aoold be large and held near the other, so aa to 
nceire almost the whole of the spectram. The 
screen shonld be onlj a few feet distant from the 
Ncond -prktB. 

(5) To illnstnte tlie theory of the colors of 
bodiea, paste sUpa of bright-colored paper on 
paatritoBtd and hold them successively in the 
dUbrent colors of the spectrum. Some papers, 
Mpecially the bine and red title paper of the book- 
Undera, will appear black in any color but their own. 

(6) The index of reflractlon of various substances 
wmj b* compared approximately, by means of a 1 
lavge rlghtangled triangle of wood, fig. S35. The 
htadlfl fits fn one of the stands. One of the slides Is raised about 8 inches, 
lad ^Yided into centimeters. A hole is made to receive the handle of a 
prim at ft (Uataoce of 1 meter from the zero of this graduation. A strip 

Fig.i3b. 




it mct^ not seen in the Bgare, with a long, narrow elit. Is placed be- 
tnen the prism and the light 
A f^ of tight if thrown in anch a direction that the part which passes 
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above the priem shall fall od of the scale; the prism !a then tamed w 
aa to obtain the least refraction, and the point on which the middle of the 
red falls DOtaced. This, together with the distance of the prism from the 
scale, gives the tangent of the angle of refraction ; aad the Index of 
refraction is calcnlated from this and the refracting angle of the pmm. 

(7) Fraueilll0fer*B lines. — An; prism whose faces are plane and 
its material homogeneons, may be osed to show these lines. The greatar 
the dispersive power of the substance, the greater will be the nomber of 
the lines. A prism filled with sulphide of carbon shows them moat beanti- 
fally. It is BD advantage to place the prism 8 to 13 feet from the slit 

The refracting edge of the prism mnst be placed par^lel to ttm slit, 
and tamed so as to obtain the minimnm of refhiction. This is eaidlj 
obt^ned b; tnming the prism slowly on its axis ; the position will soon 
be foand in which the speotrnm falls nearest to M, fig. 336. 

The slit mnst not be 
over ;i of a tine wide. It 
gives light enoDgh when 
it Is only ^ of a line, and 
the lines are more di» 
tiocL Its length shonld 
be 10 to 15 lines. The 
spectram is asnally trans- 
mitted through the ol^ect 
glass of a telescope which 
is acljasted as for distant 
objects, and its object glass placed close to the prism. It is better to ftz 
a wooden ring on the object end of the telescope, and fasten the prism to 
this in such a way that it can be turned on its axis before the middle of 
the object glass, as in Bg. S37. The prism is thns secnred tmm being 
overset or displaced, and 



Fig. 886. 




Fig. 387. 




Us position in respect to 
the telescope can be more 
accurately adjusted. An 
achromatic telescope with 
a magnifying povrer of 10 
to 20 times is quite anffl- 
cient In order to make 
measnTements, the tele- 
8C0peofagoniomet«rmDst 
be nsed. 
Althongfa the lines ap- 
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pear more nnmerous and more distinct in this way, it is not adapted to 
di8B fUnatration, becanse it is yisible to bat one person at a time. 

Bj placing close in front of the prism a small board, with a large, 
ronnd aperture contracted to a narrow slit, the spectrum can be thrown 
on a straw-paper screen, and the broader lines become visible to the 
naked eye, even with a prism of crown glass. This apparatus is also 
needed in experiments on diffraction. The slit is arranged jnst as the 
first one. The lines may be seen on a screen stUl better, by placing a 
convex lens, of from 2 to 4 feet focal distance, behind the prism. The 
screen mast be in such a position that the lens will produce a distinct 
image of the slit upon it It increases the distinctness of the lines to 
move the screen a little back and forward ; the lines are the more readily 
distiDgaished from accidental shadows on the paper. A second slit is 
not necessary. 

A prism of sulphide of carbon produces most beantiful results, 
especially with an achromatic lens. The colors are brighter when the 
image is thrown on a screen of white paper instead of straw-paper, but it 
hjorea the eye to look at it long. 

A few of the dark lines are perceptible even with the naked eye, 
mpedBXty the two broad ones on the limit between violet and blue, when 
a very fine slit is looked at through a prism held at the distance of 
distinct vision. Bat the experiment is trying to the eye and not suited 
for instroction. 

[168] The rainbow. — To illustrate the theory of the rainbow we 
■se glass balls, from 2 to 5 inches in diameter, filled with water. Such 
balls are easily obtained, as they are used by many artisans to concentrate 
light on their work. The glass should be of uniform thickness, and the 
form as accurately spherical as possible. The smaller balls fulfill these 
oooditions better than the larger ones, but they do not show the path of 
the light through the ball so distinctly. Even a thermometer bulb will 
diow the principle. The balls may either be laid in a wooden socket or 
hong op. FDI the ball with slightly turbid water, and allow a ray of 
light to fall upon it through an aperture about two lines in diameter, in 
a screen placed jnst before it The aperture in the heliostat may be from 
4 to 6 lines in diameter. The path of the light through the ball will be 
visible^ and the spectrum obtained by two refractions and one reflection 
may be thrown on the screen. It is best to throw the light in such a 
direction that the reflected ray shall be horizontal. 

To explain the arched form of the rainbow, the apparatus contrived by 
Beosch, seen in fig. 338, is very convenient. The spherical head a turns 
with coDsideraUe friction in the stand A, and carries the glass rod m n 
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aboat ^ Inch in thickness. The stoat cock b, whkdi alipe over this rod, 
occupies the phice of the eye, and supports the two elender glaei rods rr, 

Fig. 888. 




V V, which are cemented into it. Each of these rods carries a little disk 
of wood covered with paper, and each of the disks a slender rod 8 8, 8^ 9^. 
The rods 8 9,8^ b' are painted white, the rod r r red, and 1; v blue. They 
are set at about the angle required by theory, and the path of the light 
indicated on the disks by dotted lines, so that r r is the prolongation of 
the red, and v v of the violet ray. The rods should be connected together 
at X and y to render them firmer. If the cork h be turned on the rod m n, 
the rods v v and r r will describe the cones in whose surfiices the re- 
fracting drops lie. 

[169] To show the ohromatio aberration of lenses, take a large 
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Fig. 839. 
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Ubm, of 4 feat or more foctl distance, and throw the image of a window 
01 tba white wall oppoute. The image will have a blue or red border 
Kcording as tlie lens is moTed into the focal diBtance of the red or the 
bine rajs. 

This majr also be shown very well as follows. Gat in a tin plate two 
■emidrcalar incisionH like Gg. S39, tearing the circle within just large 
iMMigfa to receive the image made by the conTez lens at the 
point where it is moat distinct and smallest. Set the lens in 
the hole in the shatter, at right angles to the sau's rays, and 
let the image of the son fisll apon the plate. A sheet of 
pKpn held some distance behind the plate will now receive no 
light which has passed throngh the lens. Bat if both the plate and the 
paper be brought nearer to the lens the circle will not be large enough to 
receire the whole image, and the light passing throngh the aperture will 
be reddish. If the screen and paper be removed a little farther off, the 
light OD the paper will be hlnish. The experiment sncceeds better when 
the Iras is set in the heliostat, bnt this requires a meUUic mirror. 

^le experiment can be mode more conveniently by gaslight, by cutting 
*D arrow in the slide fitting the chimney in fig. 330, and fixing to the slide 
two guides, in which a plate of green and one of red glass, fitting very 
dowly together at the edge, can be slid over the aperture. Fig. 340 
■hows eocb an arrangement half the natural size. The positions in which 
the upper or lower half of the arrow is distinct are far enough apart with 
a focal distance of two feet The experiment can be repeated with an 
•chromatic lens. 



Pig. S40. 



Pig. 341. 





[1103 Spberlcal aberration may be very well shown with a lens, 
a foot or more in diameter and short focal distance, such as were formeriy 
(omaon. Hake a screen pierced with two rows of holes, as seen in fig. 
Ul. Place it before the lens and let sunlight fall upon it If the light 
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vhlch pusei throngh the screen be canght npon & icreen of Thtto paper, 
which is gradaaJlj remoTed to & greater diBtance, the nys from the outer 
holes will be seea to paes through the inner rays, and nnite to form an 
linage, the rays fW>m the inner holes forming a ring nronnd it. Aa the 
paper is removed still farther, the inner rays will converge to a focus aad 
the onter ones form a ring aronnd it. 

[ITl] Fluoresoenoe. — The phenomena of fluprescence or iiUerrtal 
dieperaion will soon be too important to be omitted in phjiical leetora; 
and we therefore mention here a few simple experiments which illustrate 
the important points of the snttJect. 

The fallowing are the substances which are adapted to these experi- 
ments; (a) Aqneons extract of the hall of borse-chestnnts. A few 
pieces of the hnll digested for ^ of an hoar in cold water are enongh. 
(b) Chlorophyl, alcoholic extract of nettles, (c) Tincture of nightshade 
[stech apfel.J (d) Tinctnre of cnrcnma. (e) Aqueous solution of sul- 
phate of quinine. (/) A piece of glass colored jellowish green hj nraninuL 
(g) Strips of paper, one-half moistened with the liqnids mentioned. 
When snch a liqnid is placed in the sun, light of another color seems to 
penetrate a little way into the interior: e.g. a deep-green light into 
tincture of nightshade, which is wine yellow. This is still more apparent 
when a beam of light is concentrated npon it by a lens of about 1 foot 
focal dislouce. The lens shonld be fixed on a support Fig. 343 shows 
Fig. 343. IHg. 3*3. 




i^ u 

a simple stand which is avculable for a great many purposes. The bottle 
a is partially filled with sand ; c Is a cork sliding on b and carrying the 
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rod d, which rapports a ring of pasteboard, in which the lens is fastened 
in the nraal way by two wire rings. 

Now take a Tessel made of parallel glass plates, kept apart by brass 
eemented between them, as in fig. 343, fill it with a solution of chloride 
of copper, and look through it at the green light penetrating into the 
tincture of nightshade. This light is quite visible through the solution, 
and yet it is not the green light of the spectrum, for it disappears when 
the solution of copper is placed between the light and the liquid, although 
none but green then falls on it On the other hand, this light remains 
when ammoniacal solution of copper is placed between the light and the 
fiqnid ; but it is not visible on looking through the ammoniacal solution. 
Oreei light is thus produced by a blue medium. Similar experiments 
may be made with alcoholic as well as aqueous solutions ; and some of the 
vesBela should, therefore, be cemented with isinglass cement and others 
with shellac. Many liquids attack brass ; it will, therefore, be well to 
snbatitate strips of plate glass for the brass in some of the vessels. 

In a spectrum made with a flint glass prism and a lens, as in § 167, No. 
T, the double line H in the violet ray will scarcely be visible on white 
paper. But if the spectrum be thrown on paper colored with any of the 
Hquids above named, light will be visible, with countless lines, far beyond 
H, If rach a spectrum be now observed through a second prism, as in 
{ 167, No. 2, the observer will see, besides the oblique spectrum, a number of 
colon which contain the same lines as the original spectrum, and running 
in the same direction as the original lines, so as to traverse all the colors. 
If one of the liquids be poured into a glass vessel with parallel sides, and 
put in the place of the paper, it will show the same phenomena; only the 
original spectrum disappears almost entirely, and the new image penetrates 
into the fluid to a depth inversely proportional to its refrangibility. The 
dark lines appear like partitions. But if a solution of quinine be intro- 
duced between the light and the prism, the original spectrum only 
mains ; because the liquid absori)s the rays beyond the violet. Sulphide 
of carbon produces the same effect A prism of this substance cannot 
therefore be used in these e2q>eriments. 

{d.) EZFESIKEHTS VS SIGHT, AHB SOHE COHPOXnTD OPTICAL 

nrsTBincEHTs. 

[172] The GyO. — To show the inverted image on the retina, and 
SDustrate the structure of the eye, take one from a recently slaughtered ox, 
and free it from the attached &t and muscles by means of a sharp knife 
or scalpel with convex edge. The optic nerve should be cleaned and left 
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Fig. 345. 




attached. Then eat oat of the sclerotic coat or white of the ejre a atrip 
aboat one to one and a half lines broad and two lines high^ in the diree* 
tioa of the axis of the eye. To do this, cat the sderotic aboat half 
throngh on the foar sides of the slip, and then with the point of the knife 

carefolly separate it at one edge, into which in^ 
trodnce the point of a pair of sharp scissors, and 
follow ronnd the entire outline. Lay the ejpe 
on a wooden stand hollowed oat to recelTe it^ 
fig. 345, and remove the choroid coat This 
may be done without injuring the retina, by 
seizing the choroid with a delicate forceps^ and 
cutting throngh the part thns held, finishing 
with the scissors. After catting out in this way 
a piece of the choroid the rest is thrown back. 
It will be sufficient to remoTC the outer blade 
layer of the choroid, but this is more difficult; 
the image is then more distinct, for the retina is 
apt to protrude somewhat through the apertore, 
especially when the stand is not hollowed out to 
receiye it 

If, after this preparation, the flame of a candle 
be held before the eye, a very distinct and sharply defined inverted image 
of it will be seen through the portion thus rendered transparent 

During the preparation of the eye it should be allowed to float on 
water, that it may undergo no change of form. 

After this, lay the eye on the cornea and extend the section of the 
sclerotic coat to within a line of the cornea, and continue it at this 
distance circularly around the eye. If the scissors have not a knob on the 
end, the point must be directed against the sclerotica at each insertion, 
so as not to injure the choroid. Now take up the sclerotic with the 
forceps and loosen it from its slight attachment to the choroid by means 
of the scalpel, all around to the optic nerve, and finally cut through this. 
The choroid is now completely laid bare. Next make a couple of incisions 
in the choroid toward the cornea, holding up the coat all the while with 
the forceps, and laying back the edges. In this way the retina is com- 
pletely exposed. Finally remove this, by seizing it with the forceps and 
drawing it aside by piecemeal. It has no tenacity except when the eye is 
quite fresh, and has only to be pushed aside to show the vitreous humor 
in perfect clearness. The crystalline lens will also be exhibited and the 
puckered ring in which the choroid ends anteriorly, and in which the 
capsule of the lens is fastened. The latter is of no importance in the 
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phjsicftl coDBidenUioii of the eje. On seiziag the choroid and sclerotic 
coats, and holding up the eye by them, the yitreoos hnmor and the ciystal* 
Une Ibob become loosened by their own weight with a little assistance, 
aad iepacate from the iris. Catch them in a dish, the lens uppermost; 
h is generally encircled by the attached pigmentom nigmm. On spliting 
the capenle at the side, the crystalline lens will fall oat; it may then be 
stock edgewise on a pin and used as a lens. To show its foliated textnre 
h Binflt be hardened in alcohoL 

Open another eye in front by introducing the sharp point of the scalpel 
ondflf the edge of the cornea and thmsting it into the anterior chamber 
of the eye, before the iris, and with the blade parallel to the iris. On 
withdrawing the knife the aqueous humor will follow, and the whole 
eomea may be cut away with the scissors to show the iris. When the 
edges of this are separated from the choroid coat, the crystalline lens and 
its capsnle will agidn be yisible. 

Thfo demonstration of the structure of the eye will be very much aided 
by an artificial eje on a large scale. 

[178] ViaiOIL — ^To exhibit the experiment of Father Scheiner, on which 
Stampler^ optometer is based, take the bar, fig. 315, set a white screen at 
one end of it^ the small lamp, fig. 31T, about one third of the length from 
tte other end, and a coutcx lens between the two, so as to project a distinct 
image of the lamp on the screen. This *mage will remain distinct, though 
a screen with two rectangular apertures, 1 inch high, ^ inch wide, and 
about ^ inch apart, be introduced close before the lens. The illuminating 
body is now at the normal distance for distinct yision for an eye whose 
retina is represented by the white screen, and its crystalline lens by the 
^ass lens. If the distance of the light be now yaried, two images of it 
win appear on the screen, and the distance between them will increase 
with the change of position of the flame. 

[174] Stompfer'S optometer, in its simplest form, is easily con- 
itnieted. Haye two square wooden tubes made, about 15 inches long, so 
ttaft one will dide easily in the other and still fit closely. The exterior 
one shoold be about an inch square, and the inner one diyided into inches 
sad line& A piece of glass is set in the end A, fig. 346, and upon this a 

Fig. 346. 




pieee of tin-foil pasted in which two slits are cut ^ an inch long, I line 
wide, and about the same distance apart. The inserted end of the inner 
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tube is also closed with a piece of glass coTered with tin-Coil with a slit in 
it The cDd B is closed with a piece of smooth gronnd glass or straw- 
paper. When the inner tnbe is pushed in all the way, the zero of its 
graduation must project beyond the end of the enter tnbe as fiur as the 
distance between the slit on its glass and the two slits on A If the 
tubes be held toward the sunlight with A close to the eye, and the inner 
tube drawn out until its slit is seen single through the two slits in A^ the 
gpraduation on B will indicate the limit of distinct Tision for that eyet. 
The mean of the two positions must be taken in which the slit ceases to 
appear single when it is moved backward and forward. It is still better 
to let the eye rest, and to seek the position in which the slit appears 
single to the unaccustomed eye. The instrument is tolerably long when 
constructed in this way, for it contains no conyex lens like Stampfer^ 
but it is still quite serviceable. The lens necessary to produce the normal 
effect, with the visual distance thus measured, can be fonnd by calenlationy 
or a scale attached to the other side which will indicate the focal distance 
of the required lens. The numbers of the spectacle glasses usually mn 
by Vienna inches. 

The following table contains the visual distances in inches corresponding 
to the running numbers of the glasses used in the trade, the normal visual 
distance being assumed at 8 inches. In selecting spectacles by this table, 
the feeblest glass should be used with whose number the slit appears 
single. 



Number. 


Visual 


Number. 


Vlraal 


Number. 


Visual 


Number. 


Visual 
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Diitanoe. 
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[175} Diiration of the ImpreBsion of licpit on the eye.— 

For this experiment we om the rotai; machine with the attachment, Bg, 
347, npon which the putehoard disks, painted with the ^ n^i. 
proper colors, are screwed. Tbe disks are j to 1 foot 
in diameter, and corered with white paper, on which the 
colon are laid. The best colors are Indigo, Pmssian 
bine, gamboge, and carmine ; these ore mixed to form 
tiotet, green, and orange. To obtain white, the disk mnat be divided in 
pnportloii to the breadth of the several bands of the spectrum, and 
painted with the corresponding colors, laid on thin. The resalt will 
|vobabIj not be white, i.e, gray ; bat the experimenter can jadge from the 
tint- obtained which of the colors mnat be deepened to prodace gray. 
Indigo and carmine prodace a fine violet when carmine covers only 90^. 
Qamboge and indigo in the some proportiona give green. It is adris^le 
to paint the margin of tbe disk, and a circle of abont 3 inches aronnd the 
center, black. Instead of painting the disks, they may be covered with 
the bright-oolored papers need by the binders for the titles of books. 
[176j The thaumatrope. — This toy is too well known to need 

Fig. 348. Fig. 849. Fig. 350. 





description. Fig. 350 shows a modification of it made by catting a 
]daying card throngh the middle, pasting the backs togetiier, and fastening 
the end in a groove in a roand stick. When the stick is twirled rapidly 
IwtweeD the fingers by two brass pegs driven in the ends, the whole Sgnre 
wm be visible. 

[17T] The phantOSCOpe. — The principle on which the drawing is 
nude ia very simple. The time necessary for a complete revelation of the 
figure is divided into as many parts as there are holes in the disk, fig. 351, 
and the figure drawn ander tJie hole in the positior. in which it is to 
appear at each of these periods. If several drawings are made, they must 
be drawn on disks whose diameter Is less by about the width of the 
apertures, and these fastened on the fint large disk. Figures may be 
drawn on both sides of the small disks. The simplest va; of setting the 
disk in revolution is represented in fig. 353 : a & c is a brass wire, about 
1^ lines thick, flattened slightly at top and bent twice at right angles. 
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The emootii azia d e tnnu easil; in the holet m n ; HwbnttonglBienwed 

on thig axis, and the disk foiteii«d between it and the nnt x, Hg. 851 ; the 

Fig. 851. Fig. S6S. 




latter mnst be made of brass. Tbe disk is turned by the button / while 
held at a distance of 2 or 3 feet from a mirror, with tbe eye close to Uk 
apertures. 

Fig. 363. Fig. 354. 




The mirror may be dispensed with and the experiment made virible to 
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seTeral persons at once, by fastening the disk with the fignres opposite 
that with the holes, on the same axis, as in fig. 353, and on a larger scale 
in fig. a54. 

[178] SulDJeotive colors. — The bright-colored paper nsed bj the 
bookblBdeFB is best for these experiments. Ont simple fignres ont of 
iDcb p^wr and lay them on a brightly illuminated white gronnd ; after 
them steadily for a moment jerk them away suddenly by a 
An easier mode of trying the experiment is to paste a strip of 
vUtoiyaper, 1 millimeter wide and I to 2 millimeters long, on a piece of 
ft^^^MOlored glass: the paper will have the complementary color to 
tt^fc^the gla8& This appears still more distinct when a piece of very 
niftirjIMn paper, of the same size as the glass, is held behind it; bat the 
eolor is nsnally altered. Everything appears to the eye colored 
laoking for some time through a colored glass. Snbjective colors 
m^ dio be seen very well by looking for a time at the images of the two 
aperlnras described in the following paragraph, and then at another part 
(rf the white wall. 

K(Sirremberg has contrived an exceedingly convenient and simple 
instmment for showing the phenomena of subjective colors to a whole 
audience at once ; fig. 355 shows a front view of it, fig. 356 a side view, 
and fig. 857 a section through the dotted line in fig. 355. It consists of 
a wooden frame, the lower half of which is doable ; each part has a groove 
about 1 line in breadth and depth. The front groove passes through the 
bars aa, c c, so that the slide, which is made of cardboard, covered with 
white paper, can fall to the bottom. 

The slide is of such size that when it is held up by a pin passing through 
the hole m no part of it will project below the bar a a. The upper part 
of the firame may, if desired, be covered with paper, so as to conceal the 
slide entirely. The half frame is closed at the back by a board b b. 
Sqnarei of bright-colored paper, cut like fig. 359, slide in the back groove, 
80 that the square section will occupy the middle of the field : n is a black 
bally 4 to 6 lines in diameter, fastened by a wire to the bar a a, so as to 
he in Ae center of the lower field. The colors of the papers must be as 
inteoM as possible, and smaller pieces of the same are provided to slip 
beUbd and cover the section of the others. 

Hie experiment is made by placing two papers of different colors in the 
back grooTe, so as to have, e.g. a green square on a red field, and hanging 
the apparatus on a well lighted wall. Draw the slide up and fasten it by 
a wire passed through m, with a string attached ; let the audience look 
steadily at the black spot in the center for about half a minute, and then 
pnll oat the wire and let the slide fall; it will appear in colors the com- 
pkment of those of the paper. 
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Fig. 85S. Fig. 857. 



[1T9] Colored Bhadows. — This phenonienon maybe prodaced in 
i Rtrildag manner as follows: Make a slide for the aperture of the 
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bUoMat, Willi two boles, about ^ on iocb in dumeter and 3 to 4 lines 
■put; cover one with red, the o^er with bine glass. Let the images of 
tlun holes fell on a white wall 10 or 20 feet distant; they will OTerlap 
euh other in a great measure, and the parts wbicb overlap will have a 
mora or less white color, according to the shodo of color of the glasses. 
If the images do not overlap safGcientlf, the distance may be doubled by 
reflecting tbem fVom a mirror. Gold a slender wooden rod, a lead-pencil, 
11 the TajB where they cross each other: it will cast a red and a bine 
sliidow. If the pencil be held near the wall, tite shadows will partly 
»rar each other and form a black shadow; a black shadow resnits ftom 
obseuing either one of the apertnrea. 

[180] The stereoscope. — To explain the manner of vision with 
both eyes, we need a cnbe about one inch on a side, and a Wbeatstone's 
or Brewster's stereoscope. The latter are now very common and cheap. 
It it weU to hare also a pictnre, the two parts of which are painted with 
f colors; it will then appear white jy 860 

a through the stereoscope. The pictures ^ 

d for the stereoscope also appear solid when 
the two eyes are separated by a partition, so that 
each tjo sees bnt one picture. The pictnres do 
not at once unite, bnt they do so after a moment. 
Fig. 860 represents an arrangement for looking at 
the idctares in this way. The pictures are laid 
on the board a &; the height of c d is regulated 
by the Tisnal distance. 

[181] Camera obscura.— A surprisiugiy 

beaotifbl result is prodnced by inserting a convex lens, of 4 to 6 feet focal 
distance, in a shntter of a dark room and receiving the image on a large 
vUto acreflD. The screen mnst be adjnsted with reference to the distance of 
the olfivta and the size of the image. The beat effect is prodnced when 
the view is of a place about two or three bnndred yards distant In this 
fom tha etmera obacura costs really nothing, for both the pieces can be 
Dssd te Buy other purposes. The images are inverted, which is 
IJb the ordinary arrangement with the mirror. Erect images 
M ba obtained with the camera obscnra, by letting the light pass 
h KEBCtangnlar glass prism placed close behind the lens, as shown 
i>%»l. 

ng. 361. 
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An ordinaiy camera obscara, fig. 3S3, is easily made bj taking a wooden 
box whose length coTreaponda to the focal distance of the lens, and 
Fig. 363. 



lb. 



insenhig in the front of it a tnbe of pasteboard, inside of which a second 
tube cftrrying the lens can be slipped in aod ont A good plate glan 
mirror is selected and placed at an angle of 16° with the azia of the 
camera. The image is received on a plat« of glass prepared by grinding 
with emery on another plate. 

[182] The solar microscope.— This instmment is not adapted 
to actnal microscopic investigations, and it ia therefore not best to spend 
ranch money on it Bat it is entertaining and well adapted to iUnatr^e 
the action of lenses, and can be easily attached to the indispensable 
heliostat. The aperture of the latter is famished either with a screen or 
a short tabe. In the first case, a convex lens, of 4 to 6 inches focal 
distance, is monnted in a wooden frame a b, fitting in a pastebord tnbe 
m m, VI m, fig. 363, which is abont an inch less in length than the focal 
distance of the glass. If the heliostat is famished with a short tnbe, the 
lens may be fixed directly in the tnbe m m by pasting a ring on the inside 
near the end, laying the lens over it and keening it in place by a wire 
Fig. 364. 
Mg. 363. 

6 _>_ „ 




ring. This tnbe mast fit the tube of the heliostat. A second tnbe, g g. 
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(easilj obtained from an old telescope,) must fit inside of m m, and inside 
of this again the wooden cap n n, shown on a larger scale in fig. 3G4. 
The object glass is set in the small tnbe o o, which rests on the plate d d. 
If a compound microscope be at hand, the achromatic lenses from this 
may be taken and fixed in pasteboard tubes. These small tubes must fit 
in the tube o o, and go to the bottom of it ; it is well to have the hole in 
the plate d d as wide as the tube o o. The interior is blackened through- 
out with indian-ink. The plate e e^ which has a square aperture, is slipped 
over d d. The screws r r pass loosely through the plate into the wooden 
cap ; spiral springs, made of hard brass wire, are coiled around these 
screws to press the plate against the cap ; //are knobs by which it may 
be raised. The slides are introduced between this plate and the cap. 

The room must be quite dark and the images be received either on a 
white wall or a large screen. Dry substances are placed in the ordinary 
object slides; fluids in drops on a piece of plate glass, or in a little 
trough formed of two parallel plates of glass, about 3 millimeters apart. 
For dry and dead objects the tube g g must be so adjusted that they will 
be in the focus, but living objects and fluids cannot endure the heat thus 
produced. 

[183] The OOmpound microscope.— in purchasing an instru- 
ment of this kind a good one should be selected at once."** A tolerable 
instrnment will answer for the purpose of illustration, but the instructor 
needs a superior one for his own researches. It is best to buy of a maker 
of established reputation ; the instruments made by Oberhauser in Paris 
can be recommended as the cheapest in proportion to their power. 
Before buying a microscope which is casually offered for sale, it is advis- 
able to compare its performance with that of a good instrument whose 
cost is known. The scales of Bombyx Mori, or, still better, of Lepisma 
saocharinum, form very good test objects; and, for very good instruments, 
soales of Hipparchia Janira fem. Care must be taken not to be deceived 
by preparations presented by the seller, for if they are skillfully made they 
may giTe rise to gross deceptions in respect to the power of the instru- 
meiit.- A micrometer scale furnishes a more accurate test of its powers. 
Boeh mkrometer scales are very costly, and not to be used with a magni- 
tjfiBg power below 100, the lines of the first group being only one 
Ikouandth of a Paris line apart. In judging a microscope the size of 
His field of view is to be considered as well as the magnifying power and 
deamess and distinctness of the image. 

Althongh the optical effect is the chief consideration, the price also 

* The mieroeeopes made by Schiek in Berlin are very highly oommended. 
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varies with the perfection of the mechanism. In powerfal instruments 
either the bodj of the instrument or the objective must have a steady 
motion by a micrometer screw. The object shonld be illnminated irom 
above as well as by the mirror from below, which shonld be effected by a 
convex lens attached to the side, which is far better than Lieberknhn's 
mirror. Another consideration is, whether the instrument is provided 
with an ocular micrometer, or an objective micrometer on glass, or a screw 
micrometer. For common use an ocular micrometer is most convenient^ 
but it is necessary then to know the magnifying power of the objectives. 
Objective micrometers are more convenient for determining magnifying 
powers, but the fine lines soon become dirty and opaque by being used 
with various objects. Screw micrometers are the most accurate, but 
cannot be used with all objects. Finally, the instrument must have a firm 
basis and a suitable case. If it admit of use in a horizontal position, so 
much the better. All these particulars, and especially the many small, 
and for the most part quite useless, articles which are sold with micro- 
scopes, are of secondary importance, but they materially affect the cost of 
the instrument. 

The power of a microscope is considerably increased by making tiie 
aperture in the stage but little larger than the field of view. But as this 
varies with the different powers used, and the stage must have a larger 
aperture for some purposes, it must be adapted to receive screens with 
apertures of various sizes, enlarging below. These are easily made ; the 
edge of the opening must be very sharp and bored smooth. The aperture 
and the whole upper surface must be blackened. The screens with larger 
apertures may be made of ebony. Fig. 365 shows a screen of this kind 
in place. 

Fig, 365. Small squares of glass with 

rounded edges are necessary 

as supports for transparent 

objects. The preparations 

may be laid between two such plates and paper pasted over all but the 

spot occupied by the object, fig. 366. The name is written on the paper. 

One of the plates must be veiy 
Fig, 366. thin to enable the objective to be 

brought close to the object, espe- 
cially with compound lenses. The 
opticians sell extremely thin glass 
prepared expressly for this purpose ; 
it is rather expensive. This glass 
is not strong enough to bear the 
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proBWirB of a glazier's diamond; it must be marked with a scratching 
diamond, and then broken. Many small objects may be made beantifnllj 
transparent bj being mounted in Canada balsam. Lay a drop of balsam 
en a ^p of glass, warm the glass slightly and press the object into the 
balsam; add a second drop on the top of this, and press it flat with 
another slip of glass. The objects to be mounted thus must be previously 
dried and the balsam quite liquid, otherwise the moisture will adhere to 
them in minnte drops. It is Tory difficult to avoid air bubbles, but they 
may be gradually worked out by lateral pressure ; the balsam itself must 
fint of all be firee from bubbles. The plates must lie long enough for the 
balsam to harden before they are cleaned off externally. This mode of 
mounting is not suited to all objects. 

Insects of the size of a flea are prepared by squeezing out the intestines 
through an incision made with a lancet in the abdomen, and carefully 
removing the extruded parts. The empty shells thus obtained produce 
lorprising effects under moderate magnifying powers, especially with the 
solar microscope. 

The reflected light of white clouds or white houses produces the best 
ilhimination : direct sun light cannot be employed for the purpose. The 
light of a lamp with an Argand burner is excellent, especially for illumin- 
ating the object from above. 

In order to choose the proper combinations, it is necessary to know the 
■ngniffing powers of the several glasses. The statements of the dealer 
tre not to be implicity trusted in this matter. The only mode of de- 
tennining this accurately is by direct comparison. Lay an object, whose 
size baa been accurately measured with a micrometer, under the instrument, 
tad look at it with one eye while the other eye is fixed on a scale marked 
with heavy lines on white paper and placed at the distance of distinct 
vision. With a little practice the observer will be able to see both 
images distinctly, so that the one will cover the other, and he can then 
read off the number of graduations the object covers on the scale. The 
reading is rendered more difficult by the tendency of the two images to 
move oyer each other, but this difficulty decreases with the size of the 
olgect The mean of several measurements must be taken, and the powers 
obtained reduced to the normal distance of distinct vision, unless the 
operator can observe the scale at the distance of 10 inches, this being the 
distance usually assumed by the opticians in calculating the magnifying 
power. 

The unpleasant shifting of the images in respect to each other may be 
entirely obviated by a small steel mirror (Sommering's mirror) over the 
ocular in such a position that the object can be seen in a horizontal 
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Fig. 367. 



direction; the scale may then be fixed in the same direction, as shown in 

fig. 867, so that both shall be seen 
with one eye. A camera Incida, used 
in the same way, answers the same 
pnrpose. 

Haying measured all the oljectiTes 
with the feeblest ocdar, measure in 
the same way all the ocnlars with the 
feeblest objective, and calculate the 
coefficients by which the magnifying 
power of the feeblest ocular must be multiplied to obtain the power oi 
the others. Enter these data in a table similar to the following : — 




ObjectiYe, 

Uie neareit to 

the eye. 


Ooolar, No. 1. 


Ocular, No. 2. 
Ooefflc 


Ocalar, No. 3. 
Ooefflc. 


1 

21 









When the instrument has an ocular micrometer, it is only necessary to 
determine the power of the objectives : this is done by simply noting the 
number of divisions which an object of known size covers on the ocular 
micrometer. The position of the ocular micrometer in the instrument 
varies with the visual distance of the observer, and must be found bj 
experiment. As a rule, the more powerful oculars are only used when 
the magnifying power is to be increased without moving the object 

The instrument, when not in its case, must be carefally protected from 
dust. Any dust which settles on it should be removed with a fine hair 
pencil. When the glasses appear clouded they should be wiped with 
soft chamois leather, after carefally brushing off the dust, which might 
otherwise scratch the glasses. It is still better to use a piece of old linen, 
washed in pure water without soap, and afterwards dipped in water into 
which prepared chalk has been stirred 10 or 20 minutes before, and then 
dried. This linen and the leather must both be kept folded in paper and 
used for no other purpose. Elder pith, cut with a clean knife and freed 
from the hard rind, is particularly suitable for cleaning out the comers 
and angles. If the achromatic combinations are not cemented together, 
dust will sometimes find its way between them ; should it be necessary to 
take them apart, it must be done with great care, and their relative 
positions first marked with a scratching diamond. 

Any compound microscope may be used as a solar microscope by 
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nflecting s ray of ligbt from its mirror in a dark room. The image mil 
be received on the ceiling. 

[184] The telescope. — The theory of the telescope may be illas- 
tnted by lenses fixed in the Bockets on the frame fig. 315. The imtige 
may be Tiewed directly by removing the ocnlar of a telescope and anb- 
stitnting; for it a short pasteboard tabe, blackened internally. If a screen 
of gronnd glasB or straw paper be placed at the proper point in the tabe, 
the image will be thrown on it The theory of the compoand microscope 
may be illustrated in the same way. 

In pnrchasing a telescope, a good achromatic terrestrial instrument, 
magnifying 10 to 20 times, should be selected, which will be available for 
experiments on diffraction. 

An astronomical telescope must, at least, be snfiBciently powerful to 
■bow the rings of Saturn distinctly. 

Fig. 368 represents a simple method of mounting a telescope eqnatori- 
aDy : a is a heavy block of wood covered on the bottom with cloth, the 
angle a being equal to the polar elevation of the place. Fig. 369 is an 
enlarged view of the joint s. The telescope is fixed in the ring p p. The 
block is set on a level plotting table, with the axis a 6 in the meridian. 



I^. 368. 





A star being in the field of the telescope, the joint s is tightened, and the 
iBStrnment tnraed on the axis a fr, so as to follow the star. When the 
telescope is mounted on a tripod with vertical and horizontal motion, the 
tripod may be detached and the upright post fastened immovably to a 
instead of the axis a b. It might also be screwed to a block with one 
bee parallel to the equator, as in fig. 310. 

Tbe value of a telescope depends less on Its magnifying power than on 
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ita cleuDeu uid definition. The beat vsj of comparing two instnimeBti 
is to meaaore tbe distuice it 



Fig. 870. 




which the same print can be 
read with each, A dear dierp 
type on white paper ahonld 
be chosen for the pnrpose. 

[186] Befleotlng tela- 

scopes. — An instmment of 
tliia kind, thongh no longw 
made for use, ts convenient for 
illDStration and for manj tx- 
perimenta. A cosaal oppor- 
tnnit; to purchase an old one 
shonld, therefore, be Improved. 
Tfaej are easilj refitted if the 
reflector and the lenses an 
good. 

[186] The maglo lan- 
tern. — A poverfal inatra- 
ment may be constmcted with- 
ont niQch cost, by mi^ng nse 
of the lenses and mounting of 
a camera obscara designed for 
photographic purposes. Hare 
a tin l>ox made to fit over an 
Argaod lamp, as shown in fig. 
371, with a door in tbe side, a 
small tin reflector on the back, 
and a tin tube set on the slide 
rest a to receive tbe lenses and 
their mounting. The length 
of this tnbe mnst be adjusted 
according to t^ focus of the 
instmment 



(e.) EXPEBIXENTS OH THE IirTSBFEKEKCE AHB BI7- 

T2ACTI0H OF LIGHT. 

[187] The mirror experiment. — This experiment is made 

with two pieces of the same mirror. Take a piece of plate glass which Is 

not very thick, 2 to 3 inches long and 1 to If inches wide, and cnt in 

halves by a clean stroke of a diamond : if it does not break with a straight, 
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noolh edge, trj another piece. Round the edges on the other three 
ridn with a file or sand. 

Clean carefnll; the side on which the cut was made with alcohol and 
Uotting-paper, aad apply 4 to 6 thick coats of iDdian-inlc, bo as to fonn 
u opaqae coating. Each Eocceseive coat maat be applied bj gentle 
parallel strokes of the brush, for the least pressure will Ioohcd the preTions 
loalB. The strokes most always cross those of the last coat. Black 
Maling-waz, or lamp black mixed with oil of tarpenttoo and a little 
Tinish, may be used instead of indian-ink. 

Take a block of wood, fig. 373, with a stem fitting in one of the stands, 
«>k>r it a daQ black, and emear a Uttle shoemaker's wax in the middle and 
■long the edges of one side. Lay the two pieces of glass on the wax with 
the cnt edges together, and press down the middle bo as to gire the plates 
■ digfat inclination to each other, jnat safGcient to show a doable image 
of a window bar 10 to 20 steps distant The edges mast fit evenly 
logMlwr. 

Fig. 373. 



Fig. 872. 




^e experiment may he made with a candle, or a lamp with a narrow 
flame, withont a screen ; bat the lines are more distinct when a screen 
with a slit not less than one line wide is interposed. The arrangement 
with a gas Same in § 161 is very convenient Fig. 373 shows a screen, 
between whose bars m and n either two slides may lie inserted or the 
ibgle slide a b, fig. 374. All the parts of these slides must be carefnily 
fitted. The arrangement of the slit shown in fig. 332 is very convenient 
The room need not be dark. 
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Place the two blackeoed mirrors od * level wiUi the light, at a distance 
of 10 to 16 paces ; at a less distaDce the lineB, thongh sUIl risible, will be 
macb less distinct. Tbe line of janctioii of the two mirrors most be 
parallel to the flame or the slit, and tbe mirrors set an exceedingly BnuU 
angle to the rays of light The light shoald be observed through a lens 
with a magnifying power of 4 to 6 times, fixed on a black frame, as seen 
in fig. 3T5, and placed 1 to S feet distant ftom the mirron. 
Fig. 375. nearly in a strught line with the slit and the middle of the 
mirror. The light, screen, and mirror may be fixed on the 
stand, fig. 315, and the lena set on a separate stand. 

If tbe experiment be made with sanligbt, the slide, fig. 
874, is attached to the heliostat and the lines shown on a 
screen of straw-paper. ObjecUve demonstratloDB save 
ranch time, and the lectnrer is snre that the aadience really 
see the phenomenon, which is not always the case other* 
wise. An apparata^is often displaced, and the fact esc^ns 
notice until many persons hare looked and seen nothing. 

To make the experiment with homogeneous light, son- 
light is almost indispensable. A piece of glass of the 
proper color, or a bottle with parallel udes £lled with a 
colored liquid. Is placed before the opening in the heliostat Aminonifr- 
sulphate of copper yields an admirable bine solution. It is obt^ned by 
adding ammonia to a solution of sulphate of copper nntil tbe greenish 
bine precipitate at first formed is rediasolved. The solution can be kept 
unchanged for years in a closely -corked phiaL Table salt sprinkled on the 
wick of a spirit-lamp imparts to the flame a tolerably homogeneous yellow 
color, which may be rendered completely so by transmitting it throngh a 
brownish-yellow glass. 

[188} Experiments with the interference prism.— it is 

tolerably difficult to obtain a biprismaboth parts of which give an eqnally 
small refracting angle. Almost any piece of thick plate glass may ha 
made to answer the purpose, for the surfaces of plate glaas are seldom 
parallel, and it is only necessary to ascertain the direction in which, if 
prolonged, the faces would intersect each other. This may be done, 
according to Ohm, by fixing a dark screen with a fine slit before a wimlgw, 
and placing tbe gloss about a foot from it in such a position that the slit 
can be seen in it Two images will be seen, one reflected from the nearer 
and the other from the farther aide of the glass, from which (be coating 
has been scraped oS. Bat the two images will only lie in the same 
straight line when ^he plane of reflection is perpendicalar to the edge of 
the refracting angle which the two surfaces of the mirror make with each 
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Fig. 876. 



otter. Thii dfrectioii is easily fonnd bj taming the mirror, and the 
dfnctioD of the pUoe of reflection marked apon it. Cat a strip abont an 
aeh wide oat of the mirror at right angles to this direction, and take two 
pieeei an incb loog from this. It is easy to find with the calllperfl on 
vhkfa side they are thickest; this is ground perfectly plane. To avoid 
■F^tering the edge daring the grinding, cat a slight bevel on the edge 
In^ and grind it away finally with very fine emery. The other three 
rides need not be ground so carefolly. Fasten a strip of brass tn m to a 
boud a 6 with a handle, fig. 376, uid lay the two prisms a^inst this 
with their bases together. They may be kept 
in place by little brass springs o c c, or cemented 
nth Canada balsam. Prisms of this kind can 

be nsed with a much finer slit than mirrors, and 

we particnlarly serriceabte with homogeneons 

fight. The whole apparatus con be arranged 

on the beam, fig. 816, at the same distances as 

with mirrors. 
[189] Newton's rings.— The rings may 

be shown very beautifally with a convex lens of 

■boot 4 feet focal distance, and a piece of plate 

glass; their breadth and beauty increase, how- 
em, with the focal distance of the lens. For 

edIbitioD the lens and plate mast be set in a 

ftame, so that the pressure of the two glasses upon each other can be 

inereased at pleasure. Two stont plates of brass with apertures in the 

center, and held together by four screws, as in fig. 37T, is all that is 

needed. To make the rings more distinct p^„ g^^ 

by reflected light, lay the apparatus upon a 

black gronnd and view it obliquely. As 

tbe rings show but faintly by transmitted 

light, it is better to project them on a 

white wall t^ means of a solar microscope 

witli a low power. Tbe distinctness of the 

image Is increased by covering the lower brass plate with black paper, 

and leaving an aperture only as great as the diameter of the rings. 
To insert the apparatus in the solar microscope, a tube of pasteboard 

mst be made to slide in or over tbe tube m m, fig. 363, jast targe enough 

to receive the glasses, and prorided with a smaller tabe a, as in fig. 378, 

for the aiyiiBtment of the lenses. 
Ciyitals with perfect cleavage, such as gypsum, mica, and calcareons 

■pkr, may be nsed to illustrate the colors more folly. They usually contain 
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ftir inclosed betveen tfae lamintg, or it m&y be easily admitted bj attempt- 
ing b) cleare them with a knife. 

Newton's rings may be ahovn Teiy beantifiilly by 
laying a strip of gold'leaf, about half an inch widsy 
aronnd the margin of a disk: of thin gloss, 3 to C 
inches in diamet«r, laying the gilded side of this disk 
on a similsr one blackened on the back, and piessing 
them together in the center. The pressnre riioald be 
applied by a binnt-pointed stick of wood. Slips of 
glass gilded at the ends may be snbstitnted for the 
disks ; but they do not exhOiit the rings so well. Ths 
(plding may be applied by breathuig on the clean 
glass and laying it on a sheet of gold-leaf as ftr m 
reqaired, and then cutting the gold-leaf by drawing a 
sharp knife with a conrex edge aronnd tlie edge tt 
the glass without moTing it. The two pieces of glaM 
may be nnited by pasting paper around the e^ea. 
To make the experiment with homogeneous light, the wick of a spirit- 
lamp may be strewed with salt. The rings are always more numorom in 
homt^oeons light, and two glass disks separated by gold-leaf appear 
quite covered with them. By placing the apparatus snccessiTely in tbe 
different colors of a spectram produced by a prism of flint glasn, the ringa 
appear very numerous, and the differences in their breadth in differrat 
colors may be perceived without measurement. 

To show Newton's rings with soap-babbles, make a Eolntion of good, 
dry, home-made soap (the finer kinds are not nearly so good) in pare 
soft water, in the proportion of 1 to 180 or 200. Fitter the solation 
while hot. It is better to allow it to stand 21 hoars, and to avoid stirring 
np the sediment which subsides. When the eolation is cold it may be 
ased as follows : — 

(a) Place the solution in a sancer over black paper by an open window, 
and with a small glass tabe blow a hemispherical babble about an inch 
high. Withdraw the tube before the colors appear, and cover the sancer 
with a bell-glass. The colors make their appearance on the snmmit of 
the bubble and spread in every direction. Often all the rings with the 
dark central spot form at once, and grow broader. As many babbles 
break before the rings are all developed, and tbe development proceedl 
slowly, this process is not well adapted for class instmctlon. 

(6) Pass the glass tabe through a cork and blow the babble inside of a 
bottle. Cease blowing before the colors appear, and close the tube with 
a plag of wax. The rings appear aronnd the tube. The color which 
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oceoiues the space nearest the ring is often 1 to 2 lines broad. Bat the 
rest of the colors are generally narrow, and the snecessive rings crowd the 
pieceding ones aside. The babbles remain for a considerable time. 

(c) The bands may be prodnced very beaatifally and certainly by dipping 
the month of a tambler into the sads and holding the film thns formed 
obliqaely ; the higher parts becoming thinner, the colors appear in bands. 
lids experiment is very easily made, the bands are developed very rapidly 
aad attain a considerable breadth; the experiment is, therefore, well 
idapted for illnstration, although the film which covers the month of the 
gkss soon breaks. 

(d) Boo a more dilate solntion of soap (^J^) for some time in a white 
phial, in order to expel all the atmospheric air, cork it qaickly, cat the cork 
eroi and seal it If the bottle be shaken after cooling, babbles will be 
fonned which show beaatifdl colors and stand a long time. Bat these 
eolon are at first seldom developed in their regnlar order. When snch a 
phikl has been nsed for some time, the colors appear with increasing 
legolaiity and beauty over the film which covers the whole side when it is 
held obliqaely ; and as the phials are always ready for nse, they are very 
eonrenient. According to Eisenlohr, the colors are exhibited with remark- 
able beauty when a phial thus prepared is fixed to the center of the wheel 
of the whirling machine, and a rapid revolution imparted to it, after 
forming by agitation a film extending across the phial. 

Tory thin films of glass may be formed by heating a glass bulb and 
blowing it out suddenly until it bursts; the fragments will glow with 
the most beautiful colors. Thin films of liquid poured upon a darker 
liquid exhibit very beautiful colors : especially the ethereal oils poured 
spon water. 

The best means of viewing these rings in homogeneous light is through 
colored glasses. With colored glass, rings may be detected in the 
experiments a and b long before they can be seen with the naked eye. 
The difference in breadth is very perceptible when blue and red glasses 
are interchanged. But the difference is most distinct when one-half of 
the ring is covered with blue and the other with red glass. 

[190] Orimaldi'S experiment. — Make two holes of the diameter 
of a medium-sized needle, ^ to ^ an inch apart, in a slide of thin metal 
fitting into the heliostat If a sunbeam be thrown horizontally on these 
holes Mad the image received on a screen of straw-paper, in a dark room, 
at Boch a distance that the two images will cover each other to one-third 
or at most one-half of their extent, a dark border will be perceived on 
that edge of each image which is next the other, while the middle 
of the space where the two images coincide is lighter than that which 
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is illamined by a single hole. If one of the holes be covered, the 
dark borders will disappear. The holes may be made in tin-foil pasted 
over a larger aperture in a board. As glass mirrors always gire more 
than one image, several images of the aperture will be seen on the screen ; 
but the main fact will, under fayorable circumstances, still be distinctly 
visible. 

[191] Experiments on diffraction.— The fundamental ex- 
periments on this subject are the objective exhibition of diffraction by 
means of a slit, by a circular aperture, and a thin opaque body. These 
must be shown objectively in the simplest and most direct manner, though 
there are other means of showing the phenomena on a greater scale. 

For these fundamental experiments sunlight is necessary. Arrange the 
slides, fig. 331 or 332, in the heliostat so as to form a vertical slit, about 
^ a millimeter wide, through which the ray of light is directed horizontallj 
toward a white wall, 15 or 20 feet distant, in a dark roooL About 5 
feet from this fix a vertical slit by means of the slides, fig. 873 or 874, or 
the wooden ring on the telescope, to be described presently. When the 
second slit is narrow, the spectra will be distinct and broad enough to be 
seen by several at once. The effect of a change in the width of tiie 
diffiracting slit may also be shown. 

The second experiment is the diffraction caused by an opaque body. 
Fasten a needle on a stand so that it can be placed in tbe middle of the 
beam of light coming through the slit in the heliostat. The shadow of 
the needle will have colored margins, and similar bands will be perceptible 
within the shadow. The breadth of the colored margins will increase 
with the distance from the wall. 

A third experiment is made with a round hole. For this purpose make 
a hole 2 millimeters in diameter in the heliostat, and in the screen, fig. 
373, a similar one of half the size. Concentric bands will be visible 
around the image on the wall, but they will not be so distinct and clear as 
with the slit: the second or third ring will hardly be distinguishable. A 
screen of straw-paper may be advantageously substituted for the white wall 

These phenomena, like those of interference, can be better seen through 
a lens. 

[192] To observe the phenomena of diffraction with simple light, 
colored glasses and a lens or telescope must be used. The author has 
never succeeded in obtaining lines by throwing simple light npon the 
second slit by a prism placed between the two. The telescope is the 
best means of observing these phenomena; it requires a magnifying 
power of only 8 to 12 times. The telescope of the theodolite is tiie best, 
and, for measurements, the only instrument 
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Pit to the objective end of the teleecope & wooden ring B, 6g. 379, into 
■bid] a conical wooden collar C, shown in Bection in fig. 380, fits tightly 
bj a washer of leather. This collar has a flange aroond the top to bold 
the disb in which the diffracting aportnres are made. 

Fig. S19. 




ITie following arraogements are conyenient for iostnictioa : — 

(1) A doable slit, aa shown in fig. 381. A slender wire is fixed at 

li^t angles to the bars m n, and the slides b and c arranged so as to fit 

ekMety against it, leaving a slit on one or both §ides of it at pleasure. 

The alldes are about half an inch high, and the square aperture io the 

disk a little less in si 

IHg. 382. 





S) A grating made b; fhsteniog several pieces of knitting-needle over 
• sqoare hole, with spaces equal to their own diameter between them. 
Tfeen may he two of these, differing in the thickness of the wires. 

(8) A piece of wire gauze fostened in a wooden collar by means of a 
wire ring. 

(4) Several roond apertures, varying in size from 2 millimeters down- 
ward. The smallest ones may be made with a needle in a piece of tin- 
fofl pasted to a circnlar disk, fig. 382. 

(5) A slip of tin-foil with two round holes at the distance of their 
diameter firom each other, and another with three apertures similarly 
ditpoted so as to form an equilateral triangle. 

(B) A rhombic aperture, from 1 to S millimeters on a side, and two 
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similar ones with their axes parallel, and separated by their breadth from 
each other. 

(7) Pieces of bobinet, silk, etc., stretched in larger rings. 

The experiments may be made either with snnlight or lamplight^ bnt in 
the latter case all the apertares mast be larger. For simlight the aper- 
tures must be set very fine. Only snnligbt can be used for experiments 
with simple red or bine light 

[193] In making the experiments, arrange the telescope, to which the 
wooden ring B, fig. 379, has been attached, so as to famish a distinct 
image of the apertore throngh which the light is entering at a distance 
of 5 to 10 paces. Insert any of the diffracting arrangementa described 
above, taking care to place the slits and gratkig. parallel to the illamina- 
ting apertnre. The phenomena of diffraction may now be seen by looking 
throngh the telescope with oat darkening the room. If snnlight be 
employed, the light which passes throngh the telescope may be canght on 
a white screen in a dark room, and the phenomena exhibited to a whole 
class at once. The doable slit and the gratings are well adapted to this 
purpose, becanse they permit the passage of sufficient Ught to make the 
image very clear. The telescope mast be drawn ont so as to make a 
distinct image of the aperture in the blind on the white screen. 

It is well to place oyer the wooden ring already mentioned a screen of 
pasteboard, from 3 to 6 inches in width, to prevent the interference of the 
rays of light which pass beside the telescope. These rays are caused by a 
multiplicity of images from the gloss mirror of the heliostat 

By mounting the wooden ring B^ fig. 379, on a stand, its appendages 
may be used in the objective experiments first described (§ 191.) 

If lamp or gas light be employed, place the screen, fig. 878, before the 
lamp, or the chimney, fig. 320, over the gas flame, with a movable slide 
or a round hole at least 2 millimeters in diameter. 

Instead of admitting the light through a round hole, it may be reflected 
from a thermometer bulb, a watch-glass blackened on the inside, or a metal 
button ; and instead of a slit, the reflection from a glass tube, blackened 
on the inside with sealing-wax, may be used. These may be viewed 
either through the telescope or with the naked eye, through the diffracting 
apertures. In the latter case, the source of light must be at the distance 
of distinct vision and the apertures very small. The simplest way of 
making regular diffracting apertures is certainly to cat them in tin-foil. 
Round apertures are made with a needle, and slits by a single cut with a 
knife over a smooth support. 

To observe the simple phenomena of diffraction, one need only look 
toward the sky through the slit between the fingers ; two or three lines 
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win be Tisible, which are even elightly colored. The same effect is pro- 
dnctd b; looking with h&lf-cloeed eyes through the eyelaehes, or through a 
piece of silk, at a distaot light: e.g. through a silk umbrella at a diatant 
meet lamp, in which caee the spectra are tolerahly distinct 
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[194] Undulatioiis of polarized light. — The chancter of the 
mklationi of polarized light is very clearly Ulaxtrated by the appara- 
ta Eg. 383. It coDGists of a twisted wooden cylinder, as shown in the 




Ggnre, which is tnnied bj a crank. It mnst be made of hard and sound 
wood, and carefall; polidied. A number of straight wires temdoaUng in 
kaoba are passed through holes in the frame, so as to moTo up and down 
when the crank is turned, and by their motion to represent the waves of 
polarised light 

[195] Polarizillg apparatus. — The 8imple)<t apparatns of this 
kind eoBstfts in a tube ABC, fig. 384, which may be made of pasteboard, 
ent away to the middle at S 0. It is closed at B and E by diaphragms 
with a central aperture about half an inch in diameter; the end C closed 
ntlrely. The diaphragm at E is placed a little way from the end, as 
sees in the fignre. The whole tnbe is blackened internally. A small 
btod, flg. 385, the lower side ronuded to fit the tube, and making with 
the opper an angle of 36° S5' Is glned into the part B C. The black- 
ened mirror D, fig. 884, is cemented to the npper side with cobbler's 
15 
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wBx. Two shorter tubes A uid E &re slipped over the upper ead, the 
[ooer one glned fast, aod the outer made to support a blackened mirrw 
H between two bars O (y, F F'. This mirror may 
Fig. 364. either be fixed in grooves afc-^be polaridng angle for 
glass, or fastened to a board made to tnm on an axis. 
This outer tDt>e and mirror may be replaced at pleasure 
by a diCTerent analyziiig apparatus, such as a plate of 
tonrmalin or Iceland spar, etc. The whole apparatus 
may be easily mounted on a stand, as shown in fig. 386. 




The upper mirror of this apparatus cannot be seen conreniently in 
eTery position, and when standing vertically it must be illuminated by a 
lamp placed on a lower stand. This is not advantageous even for the 
fnndamental experiment of polariEation, and entirely inqiplicable to the 
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tiperimenU with plates of crystal ; vhen the apparatus is iQclioed, how- 
mr, the plates will not lie In their proper position on the top of the 
tube. The most cOQTenietit apparatus is that described bj NSrremberg, 
vhich the experimenter can construct for himself well enough if not able 
lo purchase a complete instrument ; for some of the instmments sold 
nnder this name cannot be used for all experiments. The apparatus is 
down in figs. 38^ and 388, ^ of the real nze. 
Fig. 387. 



i^. 388. 




Two cylindrical rods, node either of old, thoroughly seasoned wood, or 
of bnus, are fastened into a block of wood. A round or square mirror C 
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is laid over paper on this block and fastened with brass bars, or strips of 
paper pasted aroand it. Two cabes of cork sliding over the rods serre to 
support the mirror A B, which tarns somewhat stiffly on ita axis. More 

simply still, the mirror may be fixed, without a firame, in 

Fig. 889. grooves cnt in the corks at an angle of 86® 84' with the 

L perpendicular. Before fixing these corks on the rods, a 

■ cork supporting a wire bent into a ring at the end, fig. 

I 889, is slid over one of the rods. This wire is designed to 

dL bold a lens, the center of which must be in the axis of the 

^ jM instrument. It is, however, not needed in most experiments. 

S7 Above the mirror is a disk of brass, wood, or pasteboard, 

^ supported in a similar manner on two rings of cork. 

Binder's board may be strengthened for the purpose by pasting paper 

over it, which should be white above and black beneath. This ring is 

perforated in the middle to receive a second ring, which is shown in fig. 

390. It consists of two pieces pasted together, the 
Fig. 890. lower one smaller than the upper and perforated with a 

smaller aperture. The edge of the upper ring is 
beveled off, which can be done with a file if the paste- 
board is saturated with glue. A circular piece of plate glass is fitted 
loosely into the ring F F. A disk of tin or pasteboard of the same size, 
with a circular aperture in the center about 2 lines in diameter, is also 
provided, and both it and the ring blackened. 

Before setting on the upper ring (7 (7, a wire like fig. 889 is fixed on 
one of the rods in the same way. A shoulder is filed on the ends of the 
rods to receive the ring G O, which is kept in place by rings of corks, or 
glued fast after the adjustment of the apparatus is completed. The 
ring O Oh covered with white paper above and black below, and supports 
another ring made exactly as F Fj except that the aperture has the same 
dimensions throughout; into this aperture is fixed a short tube H EL 

The rings E E and G G are divided into eighths, with the zero in the 
plane of reflection of the mirror. A mark made on the beveled edge of 
the ring F F serves as an index. The analyzing apparatus is set in the 
tube H Hf and made to revolve with it around the ray of light. 

[196] The principal analyzing apparatus is the second mirror, which 
may be made just as was directed for the other polarizing apparatus. 
The tube which contains it may be made to fit over JET JET. A mark is 
made on the tube which coincides with the mark on H H, when the two 
mirrors are parallel. 

Another tube is made to fit in H H^ closed at top by a disk with an 
aperture large enough to hold one of the tourmalin plates firom the appa- 
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ntDS to be deicribed presently. A mark is made to indicate the position 
tbe plate rnnit barfl when Its axis lies in the plane of polarization, and 
the index on 1 1 coincides with zero of tbe diriuon. In polished cryslals 
this pontion ia readily recognixed by its preventing the passage of light 
polarized hj the mirror A B. 

Another tube contains 8 or 10 plates of very thin glass, set at an angle 
of 35° 84' with the axis of tbe tnbe. This is most easily accomplished by 
Btting into the tnbe another wbich is cnt off at this angle, laying the 
^ates on this and fastening tbem below by a ring cat at the same aogle. 
Bits of Tery thin glass may sometimes be obtained from the dealers in 
glassware, bnt Uiey are not often white enongb to allow sufficient light to 
pass dirongh 8 or 10 plates. Olass saited to the parpose may be obtained 
bom an optician. Plates only half an inch in diameter will answer if 
Itrger ones cannot be had. The tnbe is prerionsly blackened on the 
ioside and closed at the top, leaving an aperture a qnarter of an inch in 
diamet«r. A mark is made on the ontside which coincides with the zero 
vhen the plates are parallel to the polarizing mirror. A tnbe of this 
kind is represented in fig. 3S1. 

A fourth tube fitting on B HcooiaiMi a prism of Iceland 
■par rendered achromatic by means of glass. It is better ^9- 8^1- 
lo bnj this prism from an optician, for the very facility 
with which it yields to the means employed to grind it 
renders it very difficolt to do this with exactness. 

Clear rhombohedrons, 15 to 20 millimeters long and 10 
to 15 millimetetB broad, are nsed for the pnrpoee. The 
lection is made throngh the obtnse angles of the rhombohe- 
dron, and the part cnt off replaced by a piece of glass of the 
same size and shape. As Iceland spar, which is clear 
enough for optics! purposes, is rather expensive, the 
ciystals should be sawed in two with a fine saw, so that both pieces can 
be nsed. The sarface is groand with the finest emery on a new piece of 
plate glass, and polished with levigated crocns on fine felt or canton- 
BanneL The glass mast be cemented to tbe spar with colorless Canada 
bakam, and the fonr sides through which the section is made covered with 
black paper. It is well also to cover the other snrface of the crystal with 
a plate of very thin glass. In order to protect it from scratches. Canada 
halum hardens by exposure to the air; if it is already thick, the pieces 
to be ceoiented shoold first be warmed. If the balsam is too thick, it 
must be diluted with rectified spirits of turpentine. It requires several 
weeks for tbe bolsaro to harden sufficiently to operate further upon tlie 
eijaUls. The time required for hardening may be very much lessened by 
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dissolving solid Canada balsun in twice its weight of Balpboric ether ; the 

pieces may then be nsed io a tew i^ja; but this process does Dot answer 

well for microscopic objects. 

The prism is fitted accnratel; into a cork of the thickneBS a b, fig. 393, 

Fia 392 ^"^ ^'^'^ ■n^^'ted in the polarizing apparatus, so that the 

normal line to the crystallographic axis will be nearly 

vertical The position of the priocipal section of t)w 

crystal mast be indicated on the ontside, and this mark 

made to correspond with the mark on the polarising appa- 

The fundamental experiment in polarisation must be 
made bj throwing the polarized light on the npper mirror 
of the apparatns, whether it be NSrrembei^'s or any other. 
For this purpose a candle is placed in a snitable position, and the pnpils 
allowed to watch singly the coarse of the flame in the mirror while the 
latter is slowly revolved around the axis of the apparatns. The phe- 
nomena cannot well be exhibited objectively with the mirror, on acconnt 
of the couBtantly varying position of the image on the walls of the room, 
which is of itself sufficient to canse the intensity of the light to vary; 
besides that, when sunlight is used, too much unpolarized light reaches the 
second mirror and produces an illumination in any position. With any 
other analyzer the experiment may be shown objectively. The achromatie 
prism of calc spar is best for the purpose. A screen, with an aperture i 
lines in diameter, must be laid on the middle stage of the apparatna. 

ri9T] The tourmalin apparatus.— Fig. 393 shows the whole 
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apparatus on a reduced scale, and 6g. 394 a single 
plate with its mounting of the natural size. The 
plate, cat parallel to the optical axis of the crystal, 
is set in cork aud mounted with a rim of brass 
corresponding exactly to its thickness. The aper- 
ture a 2> is made so large that it jast embraces 
the plate. The cork and the anterior surface of 
the braes frame must be blackened. The thickness 
indicated in the tigare is sufficient, even for the 
light-green varieties. Transparent crystals, al- 
though more costly, are preferable, because they 
need not be sliced so thin; bnt the darii varieties 
polarize more perfectly. In order to make the 
dark crystals transparent enough, they must often 
be sliced as thin as poper. The plates are secured 
from breaking during the grinding by cementing 
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Fig. 896. 




Fig. 396. 



Fig. 397. 



them to plates of glass. The plates may be connected bj a wire, bent as 
in fig. 393, and provided at each end with a ring fitting the mounting. 
The elasticity of hard-drawn brass wire will be sufficient to hold the plates 
fast and allow them to be tnmed ronnd with a certain degree of friction. 
This form of the apparatus is liable to the objection that the tourmalins 
cannot be brought into close contact with a thick crystal ; and, moreover, 
thai being only supported below, the crystal is 
apt to feXL out and be injured. Besides this, 
the tongs are opened by pressure, which is 
awkward, and liable in unskillful hands to occa- 
sion damage to the crystal by falling out. Both 
of these objections may be obviated, by setting 
the plates between pointed screws in the ends of 
an elastic brass plate bent into tongs. Fig. 395 
shows one end of this arrangement, and fig. 396 
a section of the mounting, through the screws. 
The tourmalins are set at right angles to each 
other. Figs. 397, 398, and 399 show an 
arrangement by which one of the plates may be 
made to revolve for the sake of instraction. 
The ring, fig. 398, turns on the points of the 
screws, but does not revolve in its own plane ; 
the ring, fig. 397, is made to turn in fig. 398, 
and into it is screwed fig. 399, in which the 
tourmalin is mounted. 

[198] Cutting crystals.— The hardness 
of tourmalin makes the cutting plates of it a 
difficult operation. But as it is often necessary, 

in studying the phenomena of polarization, to cut plates of hard stones, it 
is worth while to incur the expense of the necessary arrangements. 

Take a circular plate of copper, about a line in thickness and 2 inches 
in diameter, and through the center of it drive a tapering square iron axis, 
as in fig. 400. This is either fastened into a chuck on the lathe, or 
worked with a roller and bowstring. The disk must be ground off 
to a thin edge."^ A tin trough, like fig. 401, must then be made, 
large enough to admit the copper plate and embrace about | of its 
circumference. It should be fixed on a wooden block with the opening 
toward the workman, the copper plate reaching nearly to the bottom of it. 
In this trough is placed a thin paste of emery and oil. With a plate of 




Fig. 398. 



Fig. 399. 



* In taming and boring copper it should be constantly wetted with soapsuds. 
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thli kind, tonrmalinB and other hard misentls may be ent with gnat 
npldi^. 

For griDding the plates, corer a block of wood, about S fnchea in 

Fig. 401. 
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diameter, with sheet copper, made like the top of a box, and screw this ob 
the spindle of the lathe. A better aod more desirable arrangement !• to 
have a disk of the size named forged ont of copper, and a screw soldered 
into it which fits the spindle ot the lathe ; or, more simply still, to clean 
the surface of the copper, heat it natil sealiag'waz melts on it, and 
cement it to a wooden chack. 

This copper disk is now to be tnmed to a perfectly plane snr&ce with 
a slightly convex edge. Emery is supplied tu this disk by a ring like Gg. 
401, and the crystalline plates are gronnd true on its cylindrical edge, 
making their snrface always a little concave rather than convex, which the 
shape of the wheel facilitates. The plates are cemented with sealing-wax 
to corks in order to handle them more easily. 

When one snrface has the proper shape and direction, remove the ring, 
fig. 401, and tiniah on the front of the wheel. The wheel most be tnmed 
very slowly snd emery applied with a stick ; the crystal should be moved 
in epicycloids over the surface of the wheel, and its surface constantly 
tested by a steel rnlcr. For polishing, the wheel must be carefully cleaned 
and finer emery applied, and the final polish is given with the finest emery 
on plate glass. As tlie value of the plate depends entirely on the accnracy 
of the grinding, one mast not spare labor nor pains. Inequalities cannot 
be removed in polishing, unless the substance is quite soft. Tourmalin 
is too hard to be ground smooth on hones of any sort, and even quartz is 
only slightly affected by them; with glass and other softer substances 
they facilitate the work very much. Such substances are polished on the 
polishing wheel described under the article "pendalnm," with the aid of 
water and colcothar applied at last nearly dry. 
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Toarmalin usnallj occars in prisms, and the optic axis is, as in qaartz, 
parallel to the length. The experiment with crossed and parallel axes 
maj be made with any thin transparent prisms without catting them. 

All other hard minerals are cut in the same waj. Softer snbstances 

are ground on glass with emery, or else on a hone. A fine yellow oil- 

itooe (noTacnlite) is excellent for fine grinding. Calc spar is apt to 

omible when rubbed on a stone or on glass without some cutting powder. 

Sabstances which are soluble in water may be roughly ground with water, 

bit -the fine grinding must be done with oil. The polishing should in all 

eases be done at once. All substances will bear the application of a more 

or less moist polishing powder, except sugar, which must be treated quite 

diy or slightly moistened with oil. It is best always to polish on the 

lathe, although soft substances may be polished with rouge and a sofl 

linen rag. 

[199] Moimtillg the crystals. — All these crystals are to be set 
in smoothly pared or filed corks, but little thicker than the crystals tbem- 
selTes, and large enough to project a little way over the edges of the 
tourmalin tongs. It is a good plan to insert the corks in rings cut from 
brass tabing. 

Plates which are very thin and fragile, such as miea and gypsiim, or 
deliquescent or liable to decomposition, such as saltpeter, sugar, caibon- 
ate of lead, etc., should be cemented with Canada balsam betweea two 
plates of thin glass. The same treatment is advantageous for all crystals, 
as it increases their transparency and compensates for inequalities iti the 
polish. A drop of the balsam is laid upon the glass, the crystal set 
edgewise on it and gradually pressed down ; another drop is thien laid on 
the upper surface of the crystal and the second glass applied in-flie-same 
way. When the plate is thin, the balsam fills up the space between the 
glasses completely and cements them together; but with thicker plates a 
strip of paper should be pasted around the glasses to hold them, at least 
until the balsam hardens. One side of the glass should be covered with 
white and the other with black paper, with apertures of the same size as 
the mineral. The black side is always turned toward the observer. The 
name of the substance and the position of the optic axis should be written 
on the white paper, or the cork setting. 

(g.) EXPEEIMENTS OH DOUBLE EEFEACTIOH. 

[200] Before explaining the laws of double refraction, the crystalline 
form of calc spar, and the meaning of the terms principal section and 
crystallographic axis, must be explained. For this purpose a double six- 
sided pyramid of wood, about 4 to 6 inches in length, is needed, and 
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Fig. 403. 



a similar one, with the baaal edges tmocated, aod a rhombohedron 
aboDt 4 inches square, with the angles T4° 65' tod 106° 6'. Hark 
on this rhombohcdroD the priocipal section, and two others parallel to 
it, and likewise two others at right auglea to the crjBtallographical 
axlB, and cat through them with a fine saw. Fig. 403 representi 
sncb arhombohedron. 
Fig. 409. Pasts thick paper on the 

cnt faces to fill np tlis cats, 
and driTe in litUe pina to 
hold the parts together. 
Draw npon the principal 
section and those parallel to 
it the direction of the axis, 
and the direction of vibra- 
tion of the ordinary and 
extraordinary rays in a 
doable reflected ray of light, 
as in fig. 403. 

For experiments with 
ca1c spar it is only necessary 
to have two opposite faces 
clear and smooth. Donble 
refraction is much more 
difficalt to obBerre in qnartz, 
becaofie of the unfavorable 
position of the faces with 
regard to the axis, and the 
peculiar grooving of the 
mineral, which obecaree the 
effect. It is best to grind and polish all the faces of the crystal, or at 
least two which ore not adjacent nor parallel. A crystal polished in this 
way may be used as a prism, and two spectra, lying very close together, 
produced in a dark room. A prism made of a fragment of Iceland spar 
shows the double refraction very well in a dark room, the spectra being 
widely separated. 

[201} To show the relative positions of the two images, lay a cryst^ 
of Iceland spar on white paper over a black line not so long as the 
distance between the images, which will depend on the thickness of the 
crystal. The line must be parallel to the principal section of the 
crystal Several persons may see the phenomena at the same time. Tnni 
the crystal with the paper slowly aroand, bo that the principal sectioD 
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«ill be toward each in turn; he will then eee the two lines as one cod- 
tinou Hne, wbOe in trtrj other position one line will graduallr revolve 
moDd the other. 

To ifaow the polariiation of the two rajs, cover the polarizing^ mirror 
oF Ifftrremberg's appamtng with white paper, and lay apoo the sapport 
ii tie middle a screen with an apertnre only 1 millimeter in diameter, apon 
vUch place the calc spar. The aperture in the screen may be largier for 
thicker ciystals, bat the two images mnat not even partially cover each 
oltier. TT^Dg the second mirror as an analyzer, when the plane of reflec- 
tion of the mirror is parallel or at right angles to the principal section, 
oaJy one im^e of the apertnre in the screen will be visible ; bnt in every 
other position two, which will be equally bright when the principal sectioD 
Bukea with the plane of reflection an angle of 45°. 

The same result is obtained by passing polarized light throngb the 
screen, and viewing it throagh a crystal of Iceland spar. Upon this ia 
bmided the use of calc spar as an analyzer, oa already described. When 
nnpoluized light is thus viewed, two images are seen in every position. 

To these experiments may be added that of Hnygena, with two rhom- 

bohedroDS of calc spar laid one npon the other. One of these rests npon 

a sheet of white paper with blacli spota, while the other is turned round, 

■0 that the principal sections moke snccessivelj every angle from to 360. 

[SOS] Nichol'a priem fumishea an excellent meana of observing the phe- 
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i of polarized light. Two of these 
prisma mounted oo cork in brass tubes, as 
described for the achromatic priams of calc 
■par, act like the tourmalin apparatna in 
aUowing l^bt to pass only when their 
piDcipsl sections are parallel. They 
poMBU, moreover, the great advantage of 
transmitting more light, because the ma- 
toial ia colorless. The cost of these prisms 
Tsriea with the size of the fleld of view ; 
they ahoald not be less than 1 centimeter 
m « aide^ A pair of Nichol'a prisma may 
be moulted as seen in Sg. 404. The prisms 
with their settings are pushed into the 
clastic coQars m m, until they touch the 
MQunting of the crystal which rests in the 
npp<Ht b b. 
The price of a pair of Nicbol's prisms is double that of the tourmalin 
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(h.) EXPEBIHEHTS OH THE COLOBS OF DOUBLT EEFSACIIVO 

CBTSTALS nr POLABIZED LIGHT. 

[203] Colors of fllmCL— Films thin enough for this parpose are 
difficnlt to obtain from any minerals bat mica and selenite ; the selenite 
firom Montmartre answers best. It is necessary to have one film of con- 
siderable size, so as by catting it in two to obtain two films of the same 
thickness. They should be left in the rhombic shape into which they 
naturally cleave, in order the more readily to determine the position of 
the axis. 

The films are cemented with Canada balsam between plates of clear 
glass, not over an inch in diameter, and inscribed with the color of the 
film. It is difficult to grind other minerals parallel to the axis thin 
enough to show the colors, for even in quartz the film must be less than ^ 
of a millimeter in thickness. 

It is easy to grind films of selenite into a wedge shape by taking a filoip 
^ to I of a millimeter in thickness, laying it flat upon the polishing-wheel and 
pressing strongly on one edge until it is ground off and the cut surface is 
about I centimeter broad. These films are also covered with glass. To 
obtain broader films, cement a film of selenite, about 2 centimeters square, 
to a plate of thin glass, and allow the balsam to harden, which will 
require some weeks. Then rub some emery quite fine with one piece of 
glass upon another, and on this grind the selenite and polish on the wheel 

[204] The experiments may be made with Norreroberg's apparatus, using 
the inirror as an analyzer. The films are laid on the middle stage in such 
a position as to show the colors best, and the upper mirror is revolved 
around the polarized ray. The colors seen in gypsum, when the mirrors 
are at right angles to each other, are complementary to those seen with 
the mirrors parallel. The middle stage must be movable, to accommodate 
the position of the films to short-sighted persons. 

Films of variable thickness exhibit mingled colors: when they are 
wedge shaped, they show Newton's rings, and in homogeneous light, 
alternate light and dark bands. This is the best means of studying the 
succession of colors in Newton's rings. If the film of selenite be not acute 
enough to make the colored bands tolerably wide, fix a lens in the ring 
between the upper and lower stage, at the right distance from the film lor 
distinct vision. This aids very much also in determining, by means of 
a uniform film laid over a wedge-shaped one with the axis crossed, which 
colors of the latter are absorbed by the former, in order to ascertain to 
what order the color of the former belongs. This investigation is also 
facilitated by laying the uniform film over the other in such a way that a 
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portion of the latter shall project over the former. A stripe of the color 
of the QDiform film will then correspond on the uncovered portion to 
the spot which appears black in the covered space. The succession of the 
colors is, according to Newton, as follows: — black: (1) bine, white, 
jefloWy red; (2) violet, bine, green, yellow, red; (3) purple, blue, green, 
yeUow, red ; (4) green, red ; (5) blue, red ; (6) blue, red ; (7) blue, red. 
[205] When the films are laid npon each other so that the correspond- 
ing planes of oscillation coincide, the color is that of a film equal in 
thwkness to the sum of both ; when the planes of oscillation cross each 
other, the color is that of a film equal to the difference of both. This 
famishes the means of distinguishing the different planes of oscillation 
ilready determined by the total disappearance of color. The correspond- 
iog planes in all the films should be marked on the mounting. When the 
tchromatic prism of Iceland spar is used as an analyzer, thin films appear 
double, the colors of the two being complementaiy. As the prism is 
tamed, the colors change, and when the two images cover each oHier, 
they appear white. This is a good way of ascertaining the right position 
of the prism in the tube, the spot not appearing white unless both images 
are equally bright. When this is not the case, the prism must be moved. 
The effect of a NichoPs prism is the same as that of the mirror. 
The experiments may even be made by laying the films on a table near 
the window, and looking at them obliquely through an analyzer. 

[206] Crolored rings in crystalline plates, cut perpendicular 

to the axis. — Calc spar stands before all other substances. A very small 
rhombohedron is sufficient, and it facilitates the grinding very much to 
deave it into a regular shape, leaving the three edges which form the obtuse 
angle equally long. It must be ground by very gentle pressure with emery 
on a glass plate, as the corners are apt to break off. The phenomena can 
be observed very well when the triangular face is not over 5 millimeters 
on a side; but the thickness must not exceed 1^ lines, otherwise the rings 
have too small a diameter. 

The colors are usually observed through the ioanDaliii tongs, by laying 
the crystal between the plates. The crystal dUMkid bemonnted, Ibr pro- 
tection, in cork a little thicker than itself. The apparatus most be held 
doie to the eye, toward the clear sky. The experiments with homogene- 
ous light may be made either with colored i^lasBes, or by thelfame of a 
spirit-lamp colored with common salt. 

Sulphate of nickel has a cleavage perpendiciihr to the axis, which 
makes it easy to obtain plates suitable for tUa purpose. If the cleavage 
Cues are not quite even, they may easily be made io on the polishing- 
wheel, which must not be veiy moist. 
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The riogB may be seen nrj well in plates of ice an incli thick, held in 
the toarmolin tongs. 

[907] The phenomena maj be ahovn objectiTel^ very beautiftally b; plac- 
ing the crystals between the tourmalin tongs, or two of Nlchol's prisms in the 
focoB of the illnminating gloss of the solar microscope, withont anj mag- 
nlfjing glass, and catching tbu Image on a white screea To avoid holding 
the tonrmallns, a wooden block may be Gtted into the tnbe m *n, fig. 863, 
with a silt in the side to receive the tongs asd a spring to hold theoL 
Fig. 405 exhibits this 
^> 10fi> arrangement To see the 

rings in the ordinary polar- 
izing apparatoa, tlie ciya- 
tals mnst be placed in im- 
mediate jnxtapoation with 
the analyzer. This eu 
be done with the prism 
bnt not with the mimr. 
In the latter case the rings 
may be obaerred by laying 
a lens of 1 to 1^ inches focal distance apon the middle stage of the polar- 
ising apparatns, fixing the crystal in a ring above this at the focal 
distance or a little less, and a second lens in the tnbe SH, fig. 391, at 
exactly its focal distance from the crystal. The rings can be seen, bat 
less distinctly, with the latter lens alone. 

[208] Among the biaxial crystals, whose axes make so small >n 
angle that one can look parallel to both axes in a plate cnt perpendicnlsr 
to the meridian line, saltpeter is the only one generally accessible. It it 
not difficolt to find glassy crystals of sufficient thickness adhering to the 
sldefl of larger crystals, which are nsnally poroos in the center. They 
fSg. 406. ^^J ^^ ground on a hone or on ground 

gloss, polished as nsnal, and then cement- 
ed between glass. A thickness of 1^ to 
2 lines is necessary in order to exhibit 4 
or 5 closed curves aronnd each axis. 

Among the crystals whose axes make 
a considerable angle with each other, 
selenite, sagar andchromate of potash an 
most easily bad. Selenite occnrs in prisms 
or platesof tolerable thickness and parity. 
Besides the principal cleavage parallel to 
the optic axis, there are two others, m m and n n, fig. 406, which gin the 
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plates a riiombic shape. If one of these plates be placed between the 
toarmalins, with their axes crossed, and turned to one of the two opposite 
positions in which no light is transmitted, the axes of the tourmalins will 
correspond to the two lines a a, b b on the selenite, and one of these will 
make with one of the directions of cleavage an angle of 16^. This line 
iHsects the angle of 60^ which the optic axes of the selenite t; v and to w 
make with each other, rendering it easy to mark their position on the 
plate. Saw ont a plate of selenite, 2 or 3 lines sqnare, perpendicular to 
(me of the axes and to the plane of both, wrap it around with strong 
waxed thread to prevent it from splitting, and grind and polish it The 
thickest plates need not exceed 1 line in thickness. Splitting may also be 
prevented by cementing the plate with Canada balsam to glass. 

Sagar crystallizes in prisms terminated by two sloping &ces. The 
deavage bisects the angle formed by these faces. The cleavage faces are 
not smooth enough without being polished. The rock-candy of the shops 
fiurnishes crystals of sufficient purity. They must be protected by glass 
from the action of the air. 

Chromate of potash cleaves readily parallel to the broad face of the 
prism, and one of the optic axes is nearly perpendicular to this plane. 
If successfiil in splitting a smooth plate, ^ to ^ line in thickness, it may be 
nsed directly, if it is only a few lines square. If a suitable piece cannot 
be obtained by splitting, it must be cut with a knife and polished.* 

[209] The bands in crystalline plates cut parallel to the axis can be 
best seen by the flame of a spirit-lamp colored with salt, in a dark room. 
Plates of calc spar, 1 line thick, show the hyperbolas very distinctly, 
althoogh the lines are fine ; quartz crystals may be much thicker. Crystals 
at thick as one's thnmb show tolerably distinct lines, if two opposite faces 
be polished. All the lines are apt to be irregular, on account of ineqnali- 
ties in the structure of the crystal Plates of selenite, 2 to 3 lines thick, 
exhibit the lines most beautifully. 

[210] Circular polarizatiOIL — ^We need for this, besides plates 
of quartz cut perpendicular to the axis, and I to 3 millimeters and up- 
wards in thickness, and the monochromatic plates of gypsum already 
mentioned, very thin films of mica, which will scarcely lose their white 
color by the rotation of the mirror of the polariscope. FresnePs parallelo* 
pipeds must be purchased, if desired, from an optician ; bnt they are not 
necessary to show the principal facts. 



* To effect the cleavage of a crystal, lay a knife edge on the crystal, parallel to 
the direction of cleavage, and strike a smart blow with a small steel hammer. If the 
Cfjiial is very hard, it should be laid on a plate of steel. 
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Whether a crystal of quarts polarizes tu the right or lelt, maf be 
determined bj the secondar7 trapeziform faces, which replace the conien 
of the priBm and the pyramid. Holding the vertez apirard, if the crjrstal 
rotates to the right, these faces are directed downward and from left to 
right, and vice versa. The spirals seen by viewing together a right and 
a left rotating plate of the same thickness throngh the tonrmaliDS, 
can be exhibited objectively in the manner decribed in § 207. 

[211] Circular polarization in liquids. — Take a glass tDbc^ 
.about half an inch in diameter and as long as the polariscope will admit, 
grind one end smooth and cement to it vrith sealing-waz a round piece of 
plate glass, fitting into the lower stage of the instrument. Solatjons of 
gnm and sugar serve best for illlostration : the former rotates ri^t, tha 
latter left. The tube and the projecting edge of the 
^' glass plate must be blackened. The depth of the UqaU 

in the tube may be measured by a gradnated rod. 

To adapt the tube to any kiod of liqnid, the glaa 
plate must be ground more accarately and kept in plaee 
by a brass collar and cap, as seen in fig. 40T. 

[212] Folarization In nnannealed and 

' pressed glass. — Any fragment of nnannealed .glass 
will answer the purpose ; bits of Bologna fiasks ground and polished do 
well. Or take a piece of plate glass, about an inch square, fix it in a 
sling of wire and heat it 
Fig. 408. gradaally red hot over a coal 

fire, and leave it to cool in 
the air. To show the phe- 
nomena in pressed glass, make 
a stout brass frame, such as 
is shown la fig. 408 in natural 
size. A moderate pressure 
with the screw is sufficient 
to impart the power of pola^ 
ization to a plate of glass. 
All these phenomena are seen 
to most advantage when the pieces of glass are laid on the lower hori- 
zontal mirror of Norremberg's apparatus. 





CHAPTER V. 

XXPERIMSNT8 ON MAGNETISM. 

[3llt] Treatment of iron and steel for magnetic ex- 

PflrimentS. — Take good charcoal iron, forge it into the proper shape, 
and, after coating it with clay, heat it to redness. It becomes still softer 
if Itflto cool among the coals. Artificial magnets are made of the best 
Saglidi or German cast-steel, which may be had in almost any desired 
diape. It most not be raised above a dnll-red heat, nor kept long even 
at tUs temperatore. After forging it into the desired shape, finish it 
with a file. Great care is necessary in forging cast-steel ; it must never be 
heated iUx>ve a dark cherry red, nor most it be hammered cold. 

In tempering the bar it mast be held apright, and, if it be in the shape 
of a hOTieiihoe, both poles most be plunged in together. This is the only 
way to prevent it from warping. The scale of oxide asnally falls off in 
tempering, but the steel may be hard although this does not occur. It 
aboold be so hard as not to be attacked by the best files. 

In this condition the steel is so brittle as to break to pieces ^9- ^O^- 
if it shonld fall on the floor. In order to prevent this, it must 
be polished and slowly tempered to a straw-yellow, over a 
bright charcoal fire. The fire may be fanned, but not blown 
with a bellows, which makes an irregular heat. When 
the steel attains its straw-yellow color, it must be quenched in cold water. 

If the steel has warped in cooling, so as to be useless, it must be tem- 
pered blue. It loses thereby a part of its coercive force, but can be used 
for many purposes, and may be hammered into shape with a sharp-edged 
hammer, like fig. 409. The bar must be laid on the anvil and the blows 
stmck close together on the concave side. With a little care, this may 
be done even when it is tempered yellow. 

The north pole should be marked by a stroke with a file, or a letter N 
stamped upon it, before the steel is tempered. It may, however, be 
etched in with acid afterwards. 

[214] Form of the magnets. — Bar magnets should be only 
about one-third or one-fourth as thick as they are broad, and not over 
a foot long. Horseshoe magnets are made somewhat longer, each limb 
being often a foot in length, and 1^ to 2 inches in breadth. The poles of 

16 (241) 
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these mag:tiet8, whether they hare the shape of a horseshoe, as ia Bg. 410, 
or straighter, aa Id fig. 411, ahonld not be more than the breadth of the 



on 




bar ftom each other. Bare which an mach 
carved are difficult to magaetize, and veiy apt 
to warp in teropering. It is best to have large 
steel bare tempered hy a file-catter. 

[215] Hagnetio nu^^asines.— Power- 

fal DH^nets are made by combinmg several bare 
in one. The middle bar is sometimes made 
longer than the rest, fig. 413, bat it is better to 
have them all of the same length. Each bar is monetized separately, 
and the whole bound together by brass bands or screws. It is at no 
advantage to separate them by strips or brass, as is sometimes done. If 
the bars are warped and cannot well be straightened withoat softening 
them, it is well to separate them, under the bands or screws, by a ttun 
plate, in order to compensate for the irregularity. 
Strugbt bars may be combined either fay simple brass bands, or by caps 
Fig. 413. Fig. 414. of soft iron screwed over their ends. A 

simple plan is to bind them op tightly 
with brass wire, and drive little wedges 
of brass between them at proper places. 
Fig. 413 represents n cap for bars of 
equal, and fig. 414 one for bars of unequal length. The binding screws 
are mode of braas, because screws of strongly magnetized iron are nnpleas- 
ant to drive. These caps are called the armatnre of the magnet They 
may be attached also to horseshoe magnets, but they must be very care- 
fully fitted on. 

[216] Preservation of magnets.— The polea of both horseshoe 
and bar magnets must be connected by soft iron, in order to preserve 
their power. Straight bare are armed by laying them parallel, at a little 
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Fig. 416. 

D 
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diatanee apart, with the opposite poles next each other, and joining tbi- 
two ends, as in fig. 415. For horseshoe magnets, this piece of iron Ib 
called the anchor, and is osnallj famished with a hook, pig_ 415. 
to which weights may be attached. Fig. 413 represents 
a horseshoe magnet with it^ anchor. The anchor is 
lometioies made with a slightly convex face, bat an even 
mbm nems to be I>etter. The anchor mnat be com- 
pwaUnly thick, so that when attached, its lower side 
*II1 IwTe Ter^ little attractive power. It is not neces- 
M17 to keep the anchor of the m^net always loaded 
wUk wsights in order to preserve it in good condition. 
BiMfedoM not diminish the power of a magnet, except 
by pdrrmting the close contact of the anchor. To keep them from rnst- 
kift tbej may be mbbed with a greasy rag after being naed. Magnets 
ibmld be gtuuided flrom blows or concossions, and not mbbed with any 
im4 MdMtaiice, espedally with iron, nor laid upon iron. Heat is still 
■on tafJiirioDS to the power of a magnet; even a temperatare of 40° C. 
hu • poceptible effect 
[SlY] Armature of natural magnets. — The position of the 

pdtia ia aocertained by roUing the loadstone in iron Slings, and two 
parallel ftces cnt perpendicular to the axis. The other sides of the 
m^aet are also cnt, so as to give it somewhat the shape of a parallel- 
opipedon. Over the poles are laid two iron plates, figs. 416 and 41T. 
the size of the face, bent over at the top, and terminating below in pro- 
jectIonaj>. The onder surfaces of these projections most lie in the same 
Fig, 418. Fig. 419. 



Fig. 416. Fig. 417. 




(traight line. The magnet is supported by Bbonlders on these projections. 
Theae two plates are connected by brags bands, and an anchor laid on the 
two ends. The magnet may be hnng np by a ring attached to a cross- 
piece of iron, as shown in figs. 418 and 419. 
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The power of Datoral magnets may be increased by laying them between 
the poles of a powerful electro-magnet. 

[218] Magnetio needles. — There should be several of these, of 
Tarious lengths and different degrees of sensitiveness. The only diffi- 
culty in making them is in suspending them on pivots. It is very easy to 
suspend the needle by a cocoon-fibre, and cover it with a glass case, but 
this arrangement does not answer for most purposes. Delicate needles 
should be supported on pivots turning in caps of agate ; and as the manu- 
facture of these is difficult, it is better to buy the needles ready made, or 
at least the agate caps, which are not very expensive. 

To set an agate cap in a needle, fix a piece of stout brass wire to a 
chuck on the lathe, bore in it a hole, a little smaller than the hole in the 
needle, and deeper than the thickness of the cap and needle together. 
Enlarge this hole to the depth of a millimeter, jast sufficiently to admit of 
the cap being forced into it, and turn the brass off thin to the same depth 
on the outside. Set in the cap, and press the brass tightly down upon it 
with a burnisher. Fig. 420 represents an enlarged section of the wire 
and cap. Next, turn off the wire to just the size of the hole in the needle. 
If the needle is of the shape represented in fig. 427, the apex of the 
conical cavity need not be much above the needle ; but if it be thin, like 
fig. 425, the cavity must project 1 or 2 millimeters. In the latter case it is 
well to make a little shoulder on the brass ring, as shown in fig. 421. 

Fig. 420. 

i^. 421. Fig. 422. Fig. 423. 






^m^ 



After cutting off the wire, fix the cap in a block and widen the hole a 
little below, as seen in fig. 422. If the cap be too large to pass through 
the hole in the needle with its brass collar, the wire must be turned off, as 
represented in fig. 423, inserted from above, and fastened by driving a 
conical steel punch into the hole below. Glass caps answer tolerably 
well. A suitable piece of glass may be cut out of a thick plate, by means 
of a copper ring (§ 15,) and the conical cavity drilled with a three- 
cornered file and spirits of turpentine. It must afterwards be £pround 
smooth with fine emery on wood, and polished with rouge. The cavity 
may be bored, after the glass is set in brass. 

Where great delicacy is not required, which is most frequently the case, 
a very simple contrivance answers the purpose. Bend a strip of brass, 
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iboat a Hne in width, fig. 424, over the hole in the needle, and 
make a little depression in it with a steel punch. This is both simpler 
and better than to drill out a cap of brass or steel. A similar pig^ 424. 
depreenon made in the needle itself, while lying on a plate of ^-^ 
leaid, will inmire sufficient stability and mobility. X 

The needles may be made of rarions shapes, as represented in figs. 425, 
486^ and 42T. The first two are made of watch-spring, the last of bar 

Fig. 425. 




Fig. 426. 




Fig. 427. 




steel The hole in the center is made to receive the cap. They must be 
cleaned and polished before tempering. In tempering, the needles should 
be laid <m a sheet of iron, or fastened to a wire, instead of being held in 
the tongs, which prevents their being uniformly heated. The south end 
of the needle may either be made heavier than the north end, or loaded 
with a strip of brass, like fig. 424, made to slide upon it. 

Fine sewing needles answer very well in most cases. They may be 
&stened into a base of wood or brass. For very delicate magnetic needles, 
the support must be made of steel File a piece of steel sharp, and screw 
or rivet the blunt end into a brass foot ; fasten this on a lathe, and sharpen 
the point with a fine file moistened with oil, turning meanwhile very 
rapidly, and moving the file back and forth. The point of the needle is 
next hardened and afterwards polished with a fine whet- 
stone on the lathe. The point must appear sharp when 
examined with a lens. The support need not, generally, 
be very high. Fig. 428 represents one of natural size. 

[219] The compass. — For many experiments in 
magnetism and electricity, a compass, that is, a delicate 
^magnetic needle moving over a graduated circle, and 
protected by a glass case, is indispensable. For 
Weber's experiments, the needle must not be over 1 or 
2 inches in length. With so small a diameter the divisions of the arc 
cannot be made less than 2 degrees, and even with the greatest care, the 
erron must be very great It is better, therefore, in this case, to fasten a 
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thin thread of black glass to each end of the needle, parallel to the 
The form represented in fig. 427 is well adapted to this purpose by filing 
a grooTe in the back, as represented in enlarged section in fig. 429. The 
circle may now be made 4 inches in diameter, and a greater 
Fig. 429. degree of accuracy be attained, even by hand-division, than is 

I possible with a smaller circle on the graduating machine. If 
the circle be made on paper, it should first be pasted on a board, 
about ^ an inch thick, and then graduated. The pivot upon 
which the needle turns must not project much above the board, and even 
then a large error of parallax may occur in reading off. This is best 
avoided by excavating the inner surface of the circle, and inserting in it a 
mirror : the point where the glass thread and its image coincide, will g^ve 
the true reading. A narrow ring of pasteboard, pasted around a circular 
plate of glass, may serve as a case for the instrument The needle should 
be taken off its support when not in use. If the board is in the shape 
of a parallelogram, and the median line of the graduation parallel to one 
of the sides, the compass will serve for the approximate determination of 
the declination or of the geographical meridian. 

To preserve the pivot of a compass from injury, the needle must be 
raised from it whenever it is not in use. An arrangement is usually made 
to effect this without lifting the glass cover. In fig. 430 b a c represents 

Fig, 430. 




a bent brass lever, terminating at both ends in a perforated disk. It rests 
at a in a little cavity in the base of the compass. By pressing the screw 
c, the end b raises the needle against the glass case cover of the compass; 
when the screw is loosened, the lever sinks by its own weight. 

To test the delicacy of a magnetic needle, set it in vibration by bringing 
near it a piece of iron. Its position on the graduated circle may be 
accurately noted, and a piece of iron brought near, so as to draw it a little 
to one side ; when the iron is slowly withdrawn, the needle must return 
exactly to its former position. 

Instead of supporting the needle on a pivot, it may, for many purposes, 
be suspended by a cocoon fiber, as represented in fig. 431. The needle is 
thus made very sensitive, but cannot be used to show the effect of a second 
magnet upon it, because the attraction of the magnet draws it out of the 
center of the graduation.* 

* It may be remarked, by the way, that the magnetic needle must not be obserred 
throagh steel spectaclee. 
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[SM] "Wfft gw ft t*y* " g — At the present d&y large steel magnets are 
■eldom or nerer tued; in place of them we hare electro-magneU, which 
can be made of anj degree of power 
required. These electro-magnetB 
enable db to magnetise to saturation , 
the largest ban of steel, b; a very 
dmple process. The man; methods 
which hare been devised for making 
itroDg magnets from weak ones 
are therefore of little importance to 
m, the so-called single and double 
touch and Hoff'er's method answer- 
ing flTery pnrpoee. 

[2313 The tingle touch.— 

The simplest method of performing 
this, ia to stroke the end intended 
for the north pole on each side 
about 10 times with the south pole 
of a magnet, beginning in the mid- 
dle and bringing the magnet back 
hi a cnrre throngh the ur. The 

same process is repeated with the north pole, on the other end. From 
10 to SO strokes will gire all the power which the magnet is capable of 
imparting. The new magnet majr be fastened to the table, by a piece of 
iron in the center, which will have a tendency to determine the neutral 
p<Hnt to this position. The magnetism is stronger and more nniformly 
distiibated, by setting the opposite ends of two equally strong magneta 
npoD the center of the bar, so as to make an angle of 80° with each other, 
and drawing them slowly asnnder, preserving the same inclination. Id this 
ease also the magnets must be returned to the starting-point through the 
air. The end which is touched with the north pole becomes the south 
pole. This method is better than any other for making magnetic needles 
or bars to be used in measurements. A horseshoe bar is treated in the 
same way, only the anchor is placed on it when it is tonched with two 
magnets at once, or with both limbs of another horseshoe magnet. The 
anchor is held fast, and the pole 
of the tonching magnet carried ^' 

over it When a straight bar 
is touched with a horseshoe mag- 
net, the snrfoce of the latter mnst 
be held perpendicular to the bar. 
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A bar treated in this way becomes stfll stronger by plidng it between 
the opposite poles (//^ fig. 432,) of two powerftQ magnets. The bar 
must be supported by a wooden block l. 

[222] The double touch. — This method consists in laying the 
two poles of a horseshoe magnet, or two equally strong bars, together upon 
the middle of the bar to be magnetized, and moving them slowly back and 
forward 10 or 20 times over its whole length; this is repeated on both 
sides of the bar. The motion must cease in the middle of the bar, so that 
each end shall receive an equal number of strokes. If a horseshoe magnet 
be used for this purpose, its two poles must be very close together, other- 
wise it almost inevitably produces succession points. If two bar magnets 

be used, their poles may be 
Fig, 433. brought very near together, 

but should be kept from aetoal 
contact by a bit of wood (I, 
fig. 483, ) placed between them. 
The magnets are held at an 
angle of 15 to 20^ with a bar. 
In this case, as in the other, the effect is considerably increased by laying 
the ends of the bar on two strong magnets. The touching poles most be 
the same as those of the supporting magnets next them respectively ; the 
poles of the new magnet will be the opposite of those upon which they 
rest. In magnetizing a horseshoe bar, it is an advantage to attach the 
anchor, the magnet being stronger even after this is removed. 

[223] Hoffer'S method of the double touch consists in placing an 
anchor before the horseshoe bar to be magnetized, and passing over it the 
two poles of a horseshoe magnet, either from the end toward the curve 
or in the contrary direction, as represented in figs. 434 and 435. In the 




Fig. 484. 



jF^.485. 





first case, the poles of the new magnet will be the same as the inducing 
magnet; in the latter, they will be the contrary. The indncing magnet 
must, of coarse, be of the same width as the other. By this method a 
maximum effect can be produced in ten strokes, and' it is one of the best 
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taown. Ban c«i be magnetized ia the game way by laying tfaem 
pinlld, with an armattin at each end. If the inducing magnet be heavy, 
lo ivmd the labor ot moTing it, it may be clamped to a table with its ends 
pfDJwtiog, as seen in fig. 436, and the bar carried over it With electro- 
■ugDcts tin conductors render thia arrangement necessary. 
Fig. 436. 




[2S4] Large magnets have always less power, in proportion to their 
weight. According to Hficker, if M be the weight supported, and p the 
weight of the magnet, Jif^^ a -^p*, in which a is a constant factor, varying 
with the qnality and temper of the steel. Hucker fonnd this factor in some 
cases equal to 39/a, which may be considered very satisfactory, though it 
has been exceeded in a few instances. This gives us an easy method of 
testiog and comparing the strength of magnets. The experiment may be 
Dade, by laying SDCcessively small weights (coarse shot for instance) in a 
pan attached to the armature of the magnet The point of attachment 
must be so ai^nsted that the armature will part at the same time on both 
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sides. Of coarse, the contact sarface of the annatare mast be horixontaL 
This method, however, does not give exact results. The onlj good 
method of testing the quality of magnetic needles and bars ia by oaciUation. 
The bars may be snspended for the pnrpose in a brass stirmp, by a thread 
of nnwrought silk. According to Hdcker, if 7 be the time of one 
oscillation in seconds, p the weight, and a the length of the magnet^ 
T= c ^p s/cLy in which c equals 2 ^^^ p being expressed in Bayorian 
lotbs, and a in Paris inches. To show the attraction and repulsion of 

magnets, suspend the bar magnet, about 6 or 
J!\g, 437. g inches in length, in a stirrup of paper or 

brass, by several threads of nnwrought silk, 
\ as shown in fig. 487. To make the same 

experiment with a natural magnet, fasten 

a ribbon around its middle and suspend 

it in the same way. 

[226] Distribution of magnet- 
ism. — For these experiments we need 
clean, fine iron filings, and a number of 
small bars of soft iron, from ^ to 2 inches in length and of various 
thicknesses. These may be made of good iron wire, their ends filed 
round and well annealed. 

(a) Magnetic curves. Sift fine iron filings upon a plate of glass or a 
sheet of stiff paper, under which a magnetic bar is held ; a few gentle taps 
of the finger will cause the iron filings to arrange themselves in curves. 
The same process serves to show the succession points in a magnetic bar. 

Magnetic bars with snccession points are produced with most certainty 
by means of a powerful horseshoe magnet and the double touch. 

(b) A magnet brought near two needles, suspended near each other by 
silk threads, causes a mutual repulsion. 

(c) Dip the similar poles of two magnets in iron filings and bring them 
close together, the projecting filaments of iron filings will repel each 
other ; but if the opposite poles be taken, the filaments will interlock, like 
the arms of a polyp around its prey. 

[226] Iron exposed to the inductive influence of a magnet while red 
hot, and suddenly cooled, remains magnetic. This is most easily shown 
with iron filings and a horseshoe magnet. A thick bunch of the iron 
filings may be taken up between the poles of the magnet; reduce this to 
abont the breadth of a finger and half that thickness. Heat this with a 
spirit-lamp and a blow-pipe, and cool it suddenly. The middle portion 
will cohere, and will be found to have the properties of a magnet A 
powerful electro-magnet answers best for this purpose. 
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[237] DeoUnatiOll of the needle. — li^ order to give a distinct 

idM of the direction of a magnetic needle, it is well to designate the 

meridian in the lecture room by means of plummets. For this purpose, 

toen to the ceiling three firm iron hooks, upon which the plummets may 

be gnspended, with a sharp incision in each, to designate the position of 

the thread. Balls of lead may be used for the plummets. Place a long 

wnutiTe needle on a rectangular board, and divide the circle by hand, so 

that the diameter from which the graduation begins shall be parallel to 

the side of the rectangle. This diameter can be easily fixed in the line 

of the astronomical meridian, and the declination determined approximately 

io degrees. The simplest mode of determining the meridian depends 

npon the situation of the room, and therefore no general directions can 

be given for it 

[228] Dip of the needle.— The following experiment is instruc- 
tire as preparatory to the explanation of the dip of the needle : Lay a 
her magnet, about a foot long, on the table, and balance a bit of magnet- 
ixed knitting-needle on a fine thread. If the needle be carried back and 
forth over the bar, it will stand horizontal over the middle, while toward 
either end the opposite pole will dip downward. The best mode of 
suspending the needle is by passing it through a cork, and balancing it on 
an axis supported on wire hooks, as shown in fig. 438. Neither the 



Fig. 438. 



Fig, 439. 



declination nor the dip need be de- 
termined accurately for purposes of 
mostration; for measuring the latter 
approximately, we may use a mag- 
netic needle, 5 or 6 inches in length, 
with an axis pointed, and furnished 
with screw threads on both sides, 
fig. 440. The axis passes loosely 
through the hole in the needle, and 
is fiutened by two nuts, a and b. 
The axis must be adjusted accu- 
rately in the center of gravity of 
the needle, after screwing the nuts 
moderately tight. The needle is 
fixed on a support like fig. 439, 
which consists of a brass fork fast- 
ened in a wooden base. Fig. 441 
shows the upper end of natural size. 
The inner superior edge of each side of the fork is filed out cylindrically, 
and polished with emery, so that only the points of the steel axis will rest 
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cpoD these enr&ces. The plane of rotation of the needle mutt be made 
to coincide with the mi^netic meridian. As it can be do longer ahowo, 
JPig. 443. ^i^' t;^B needle ia once magnet- 

ised, that It was prerionaly in 
eqailibrinm, the poles must be 
rerersed, to show that the north 
poie will always dip toward tbe 
earth. 

Tbe needle may also be sus- 
pended in the manner seen in 
fig. 442. The axis ia sopported 
by two steel screws, like fig. 443, 
each of which has a little conical 
cavity in the end. This appa- 
ratna assmnes of itself tbe diree* 
tjon of the m^netic i 
bnt mnst be very carafolly c 




The Blmplest apparabu it 
the one In fig. 438, already de- 
scribed. Thmst & hit of nnmagnetic knitting-needle through the coric so 
that it will rest in a horizontal position, then cnt away tbe cork below, 
or stick wax on it above, so oa to throw the center of gravity in the axis. 
The needle may then be magnetized and its pales reversed at pleasure. 

[239] Influence of terrestxial magnetigm on iron.—This 

may be shown by means of a delicate magnetic needle, and a bar of soft 
iron, 3 or 4 feet in length, which must be well heated, and nsed for no 
other purpose, because any mechanical action upon iron gives it some 
retentive power for magnetism. Hold the bar in the direction of the 
dipping needle, and bring a small sensitive needle alternately near the 
npper and the lower end. Tbe poles are reversed by inverting tbe bar. 
Hammering it while nnder the inductive influence of tbe earth will impart 
to it a degree of permanent magnetism 



CHAPTER VI. 

SZPKBIBfENTS ON ELEOTBIOITT. 

(a.) GEHSRAL BEMABXS AHD KAHAOEHEHT OF ELECTBO- 
XETEES AHD THE ELECTBICAL MACHINE. 

[230] Elder pith. — This is obtained in the winter from the year- 
old shoots of elder, by carefully splitting off the wood with a good knife. 
The pith may also be forced oat with a stick, bat it remains somewhat 
eompresaed. It is cat into little balls with a sharp knife, and afterwards 
roDed between the hands, carefally avoiding any pressare. The pith of 
the sunflower is still lighter, and may be managed in the same way. 

[231] Silk. — Silk varies in valae for electrical parposes, especially 
those sorts which are dyed with metallic colors, such as Prussian blue. 
It is easy to ascertain whether or not the silk insulates, by attaching two 
pith batls to the end of a sUk thread, 8 or 10 inches long, hang on a wire, 
and imparting the same kind of electricity to both ; they ought, in a heated 
room in the winter, to approach each other very slowly. In using silk 
cord, care must be taken that it has not a core of cotton, which is almost 
always the case. 

[232] Glass. — ^The conducting power of glass varies very much. 
Common green glass (not white glass colored green by copper or cbro- 
miam) generally insulates best Some sorts of white glass also, the 
Bohemian among others, are good insulators. Its insulating properties 
may easily be tested, by attaching to it pith balls by fine linen threads, 
and imparting to them electricity ; or by touching a well-insulated electro- 
meter with a rod of the glass. 

All glass is more or less hygroscopic; its surface attracts moisture 
strongly. For this reason, solid columns of glass are better than tubes. 
This difficulty may be temporarily obviated by warming the glass and 
rubbing it with warm cloths; but it can only be permanently overcome by 
coating it with a varnish of shellac or sealing-wax. If shellac is used, 
the coat must be thin, and the glass previously warmed, just as in varnish- 
ing metals. Solution of sealing-wax must be applied until it forms 
a uniform opaque coating; very little must be laid on at a time. 
Shellac is not a perfect remedy, and sealing-wax disfigures the apparatus 

(253) 
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very much; the red aniform of electrical apparatus has gone oat of 
fashion. All experiments in frictional electricity sncceed best in winter 
in a heated room : this subject shoald therefore be reserved for the winter 
term. 

[288] Gutta-percha is also a nsefnl sabstance for electrical pur- 
poses ; it may be had in sheets as thin as paper, in threads, or in almost 
any form. When recently kneaded in warm water and dried, it insulates 
admirably, and becomes negatively electrified by friction with wool 
Unfortunately it loses this property after awhile, and even becomes 
brittle, so that its value is really not so great as was first supposed. 

[234] AmalganL — Kienmayer's amalgam consists of 1 part tin, 
1 zinc, and 2 mercury; while others recommend 2 tin, 3 zinc, and 4 
mercury. The tin must first be melted in a Hessian crucible, and the zinc 
added in successive portions. The mercury must be heated previously, 
and slowly poured into the crucible after it has been taken from the fire, 
the mixture being constantly stirred. The whole is th^ slowly poured 
into water and kept in constant agitation. The amalgam is thus obtained 
in a granular condition, and may be reduced to powder by folding it in 
paper and striking it with a hammer. It must be well dried, and kept in 
air-tight bottles. It always acts best when recently pulverized, as it 
oxydizes superficially alter a time, and the oxyd injures its effect The 
following amalgam is highly recommended : 1 part of zinc is melted and 
slowly added to 4 parts of mercury, previously heated in a mortar; the 
mixture is rubbed with the pestle until it is cold, when it has the con- 
sistency of butter. The author has made no experiments on the subject, 
but it seems that the effect of the amalgam must vary with the quality of 
the glass, otherwise the directions on the subject could not differ so much. 

The old amalgam should always be removed with a dull knife before 
fresh is applied ; the leather should be thinly smeared with grease, and 
the amalgam spread on it with a knife as evenly as possible. It is still 
better to sprinkle the finely pulverized amalgam on the leather, and rub 
it with paper. In this way no more amalgam adheres than is necessary. 
The end of a cylindrical woolen swab, 1 or 2 inches in diameter, does 
very well for applying the amalgam. The amalgam need not acquire a 
metallic luster. 

[235] The use of chains as conductors is to be avoided as much as 
possible, since their countless angles and points cause too great a loss of 
electricity ; pliable brass wires, about 1 millimeter in thickness, are prefer- 
able, and may be wound around at the proper points. When the elec- 
tricity acquires a higher tension, brass wires, 2 or 3 lines in thickness, 
must be employed, the ends of which should be carefully rounded and bent 
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ioto largo hooka The whole snrfoce should then be filed smooth, polished 
with pumice and emery, and thickly vamlshed with shellac. 

[236] Fundamental experiments. — Attraction and repnlslon, 

the difference between condnctors and non-condactors, and between 

jxMitive and negative electricity, are illastrated by pith balls fastened to 

flik or linen thread. The thread should be drawn through with a needle, 

tod fiiatened with a knot, which can be drawn into the ball after being cut 

off close. The threads must be fine enough to be drawn straight by the 

weight of the balls. Very fine wire may be substituted for linen. The 

experiments will be visible at a greater distance if hollow cylinders of gilt 

paper be used instead of pith. Two little balloons of coUodium, suspended 

by silk threads, serve well to show the mutual repulsion of similarly 

electrified bodies. They become electrified by being merely drawn a few 

times through the hand. A simple wire fastened into a foot, bent over at 

the top, like fig. 444, serves for a support The wire may be insulated by 

eementing it with sealing-wax into a glass tube, as in fig. 445. The 

Fig. 446. 



1^.444 



i 




simplest support of all is made by half filling a tolerably wide bottle with 
SMid or iron filings, and thrusting a wire, bent at right angles, through 
the cork. In making experiments with the linen threads, a conducting 
wire must be attached to the support, fig. 445. For other purposes 
insulating stands must be used. The threads must be at least 6 inches 
long. To give greater firmness to the wooden base, a circular groove 
dioold be cut on the under side and filled with lead. 

Sealing-wax becomes highly electrical by rapid gentle friction with a 
woolen cloth. Glass requires more friction, especially if it be not warm 
befoiehaad. A piece of amalgamated leather is the best rubber. 
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The ezperimeDt may be varied by saspending a short, thick glass rod 
by a thread. When this is rabbed it will be repelled by the other glass 
rod and attracted by the sealing-wax. The thread mast be tied in a 
notch, cut with a file around the middle of the rod, so that it will not slip 
when the rod is nibbed. A stick of sealing-wax may be used in the same 
way. If both these rods be rabbed they will attract each other. 

A good way of supporting the rods, is to fold a slip of card-paper, an 
inch long, into a stirrup, and suspend it by a fine wire or several strands 
of raw silk. A very thick or very highly excited glass tube brought near 
the small glass rod, will almost always attract instead of repelling it 

To show that any friction develops both kinds of electricity, cement a 
stick of sealing-wax to a disk of wood, and glue a piece of leather to the 
other side. Amalgamate the leather as usual, and then rub it upon a plate 
or rod of glass. The wood and the glass become oppositely electrified, as 
may be proved by the pith balls, or any other electroscope. 

The influence which the condition of the surface exercises npon the 
kind of electricity developed by friction may be readily shown by grinding 
one-half of a glass rod on a stone. Friction with a woolen cloth will 
excite the ground surface positively, and the smooth surface negatively; 
each part must, however, be rubbed separately: if the whole rod be 
rubbed at once there is generally no electricity developed. The success 
of this experiment seems to depend upon many accidental conditions, and 
is never sure ; even glass rods which have been formerly used with success 
for this experiment often yield after a time the same electricity through- 
out. A glass rod is more certain to be negatively electrified by drawing 
it once lightly through a woolen cloth. It should be first passed through 
the flame of a spirit-lamp to remove all traces of electricity, and its 
indifference tested by an electrometer. 

[237] The electrical needle. — This can be made in the following 
■p^ ^An simple method : a a, fig. 446, is a wooden stand, about 

1^ to 2 inches in diameter, into which a well insulating 
rod, 6, is fastened. A fine sewing-needle is cemented 
to the upper end of this as a pivot for the needle. This 
may be connected with the ground, when desirable, by a 

J fine wire. The electrical needle may be made of a piece 

of bra.ss wire, about ^ a line in thickness and 2 inches 
h long, in the center of which a conical cavity is bored 

almost through, and polished with a conical stick and 
emery. After balancing the needle the ends must be 
■kL. carefully rounded off. The needle will be lighter and 
more sensitive if the cap alone be made of brass and two tolerably stout 



Fig, 448 
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knitting-Deed] es loldered to the oppoBite Bides of it The cap can in this 
cue be mode on a lathe and more carefallj poIJBhed. 

A rerj aeniftiTe needle is made by bendiog Fig. Ail. 

a slip of braai, ^wnt a line In breadth and p*^ 

0-9 liae thick, into the form of fig. 447, and 
making a little dent in the middle of it with a 
pniwb. Two needles are soldered to the 
ends of thia 

[238] CotQomb'B electroscope.— 

This is made most simply ont of a large white 
tumbler, the insaUting properties of which 
bare been ascertained by setting upon it the 
rieotrieal needle or an insulated stand, and 
obeening boir long it remains electrical in 
dry weather. A wooden cover, fig. 448, is 
fitted somewhat tightly to the gloss. Into 
an opening in the middle of this cover, a glass 
tolM, S to 4 inches long and ^ to 1 inch wide, 
is cemented and gronnd even at the top. 
niis is also covered by a movable wooden 
cap, which has an opening in the center to 
receive a small cork, throngh which a brass 
pia carrying a cocoon fiber can be moved op 
and down. 

Cocoons may be obtained almost every- 
where, and the silk fibers can be nnwonnd 
from them npon a roll of paper after they 
have been soaked in warm water. As these simple fibers are indispenable 
for many pnrposes, this tronble mnst be sabmitted to. It is not easy to 
purchase snitable fibers, since those designed for this purpose are at least 
tripled in reeling off For many purposes stronger threads are needed, 
aod for snch the latter are especially adapted. They may easily be had 
from the silk factories. It is hardly possible to obtain snitable fibers by 
nmply nntvristing wronght silk. 

A fine thread of shellac, made by drawing ont the material when 
softened by heat, is fastened horizontally to this cocoon fiber. A little 
disk of tinsel, abont 1( or S lines in diameter, is gammed in a vertical 
poaiUon to the shellac needle, at a distance from the point of suspension 
eqnal to the radias of the glass. A fragment of shellac may be attached 
to the under side of the needle opposite the thread, in order to lower the 
eeater of grarity a little. The two arms of the shellac lever may ba 
17 
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broagfat into equilibrinm by leaving the vacant one at first a little longer 
than the other, and afterwards melting the excess into a bead by a flame 
held near it ; if this be too heavy, it is only necessary to melt it back a 
little toward the thread. An opening, about ^ an inch wide, must be left 
in the cap a a, through which the body to be tested can be introdaced by 
means of a slender rod of shellac. This rod is attached above to a little 
disk, by which it is supported in the aperture at sach a height as just to 
reach the tinsel. The amount of repulsion is measured by a strip of 
paper, graduated into 360^, pasted on the inside of the glass, the zero 
point coinciding with the point where the body tested is in contact with 
the tinsel disk. Generally, however, the body itself is not introdaced, but 
a wire inclosed in a well-insulating tnbe, and ending above and below in 
a knob, is introduced through the opening, in precisely the same manner 
as the rod of shellac, and the electricity communicated to this; this 
requires, of course, stronger electricity. The disk of tinsel, when not 
electrified, may always be made to coincide with the zero point of the 
division by turning round the upper cap. In most experiments it is weU 
to introduce a capsule, containing chloride of calcium, into the glass, in 
order to dry the air thoroughly, though this is not absolately necessary, 
and in really damp weather is not sufficient In such weather the funda- 
mental experiments in electricity never succeed well 
Besides these three instruments for showing the presence of electri- 
city, viz.: the elder pith electroscope, the electrical needle, 
and Coulomb^s electroscope, there are the following, called 
electrometers, some of which are used only for special pur- 
poses, while others admit of some measurements and com- 
parisons of the force of electricity, and are simpler in their 
use than Coulomb's. 

[239] The quadrant electrometer. — The sim- 

y^ plest form of this instrument consists of a round wooden rod 

a b, fig. 449, to which a semicircle of ivory is attached, the 
lower half of which is graduated into divisions of say 5^. 
^d The center of the graduation is at c, where the little pendu- 

lum c dis suspended so as to move slow freely. Ivory plates 
from which such arcs can be made may be had at the comb- 
maker's or ivory-turner's. The divisions are scratched in 
Fig. 450. pretty deeply with a graver, a tool useful for many purposes, 
and blackened with indian-ink ; the excess of color is scrimped 
off with glass. The arc is not set in until the support for the 
pendulum is in its place ; this support is either made entirely 
of brass, as is shown in natural size in fig. 450, or a piece of sheet brass 
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ii bent up foT the front part aod faitened by an iroD screw to tlie rod. 
Th^ peodalam consists of a thin splinter of wtialebone or wood, which is 
Idt a little broader at the end where the axis (the end of a knitting- 
needle) passes throagh it, or of fine wire. The ball is made, according to 
the power of the electrical mainline, of elder pith, cork, or metal. A. 
metallic pin is driven into the lower end of the rod a b, and reaches to 
where the rod is cat away, so as to allow the ball to come in contact with 
the pin when the pendulnra is at r^t. Bj means of the peg e, the 
instnunent is fixed into a snitable opening in the conductor, or if necessary, 
screwed in. It is evident that the force of the electricity is not propor- 
tional to the degrees of the gradoation. 

[2402 Straw and gold-leaf electrometers. 

— ^BotJi are easily made ont of narrow-necked bottles, 
fig. 451. The glass tube which contains the condacting 
wire most insulate well, and is fitted tbrongh a cork. It 
is a good plan to paste strips of tin-foil on the sides a b, 
feoehing np through the neck to the ontside, in order to 
dischuge the leaves when they strike against them. 
Strips of rnsh pith may be nsed instead of gold-leaf or 
straw; they are leas sensitive than gold-leaf, and more so 
tiian straw. They are, like the straw, snspended by fine 
wires, for which pnrpose the end of the condncting wire 
mnot be pierced with two boles. When the glass has 
become electrified by drawing oat the cork, it is hardly passible to intfo- 
dnce slips of gold-leaf, if gilder's leaf be nsed, as they are always attracted 
by the glass; it is necessary to wait then until the electricity is dissipated. 
The slips of gold-leaf may be cnt and pasted 
on the wedge-shaped end of the condncting 
wire by tJie bookUnder. They are made 1^ 
to i inches long, and 1 to 2 lines broad. In 
most cases it will be advisable to nse somewhat 
thicker leaves, and for tkle purpose mixed foil, 
mads <rf alternating gold and silver leaf, is good. 
When the straw electrometer is to be nsed for ^ 
ctHnporative experiments, a large, clean glass 
tsmUer is tak«i and fitted with a cap of wood 
or metal, throngh which the glass tobe ia in- 
serted. TTpon the bottom of the glass is placed 
• gradnated arc of ivory fixed in a piece of 
wood, fig. 462. Slips of straw can, however, 
\» employed only when the inatmment is 




Fig. 462. 
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desired to indicate Teiy stroDg electricity; generallj the upper, thin 
enda of slender grass blkdes are osed. When the blades of graas are rerj 
delicate, the end of a fine silver wire, bent into a hook, ii thnut directlj 
into the hollow of the blade ; if the blade he coarser, the end of the hook 
may be pushed obliquely through the blade and bent over. 

The upper end of the condncting wire must In erery case terminate in 

a screw, in order to attach st pleasnre a little ball of ^ inch diameter, 

or the plates of a condenser. PrAvIded the dlveigence does not exceed 

30°, the electrical tension maj, without perceptible error, be considered 

proportional to the angle. 

[241] Andriesaen'e very gensilive gold-leaf electrom^er is sboira in 

fig. 453. It differs from the ordinary one only in 

Fig. 453. having a brass wire ahcd.l line thick, bent three 

times at right angles, inserted through a hole 3 lines 

in width, bored through the side of the glass bj 

means of a copper rod and emery. This wire ii 

secured in its place by being cemented at a into a 

piece of turned wood, about 1 inch thick, fitting 

into the hole by a suitable ping, which is cemented 

into the hole and to the sides of the glass. The 

apparatus would have a neater appearance if a brass 

tube were soldered to a round plate, throngh this 

a glass tube inserted and the wire cemented into 

It, as is shown in fig. 453. As it is easy to com- 

ninnicate the contrary electricity to the baob which terminates this wire, 

the gold leaves diverge the more readily when the knob e is also 

electrified. 

When gold-leaf is used for the electrometer, the slips mnst not be long 
enough to reach the sides, because it is difficult to detach them. Even 
carefnily drawing out the wire to which they are attached will often tear 
them. At all events, sach delicate electrometers as those deBcrit>ed in 
this paragraph, where (be slips of gold-foil are only 1 to I^ Inch long and 
1 line broad, and of the finest gold, mnst never be exposed to strong 
charges of electricity, and most always be handled with the greatest care. 
One can easily make several electrometers with heavier gold-foil, mixed- 
foil, or tin-foil ; all, of conrse, without the separate bent wire, in order to 
have an instniment suitable for eveiy purpose. 

In using this electrometer for very feeble electricity, when the bent 
wire is tlierefbre charged beforehand by induction, it is not advisable to 
■crew the condenser on the instrumenL The lower plate had better be 
fixed on a aeparate support, and after the separation of the platM, the 
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electricitj of one ia commanicftted to the knob e, as io fig. 454, when a 
Kpante tnbe for chloride of calcium is also introduced. 
Pig. 434. 




[342] A Tei7 good electrometer for vanj parpoaes is reprennted ii 
J^. 466. 




rimpUAed form ia Bg. 455. It was originally proposed by Dellmaan. A 
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welMnsolatiDg glass is prorided with a wooden base and a moTable cap, 
which has an aperture in the center, in which a glass tabe a is cemented; 
this tabe is also closed by a movable cap, through which the brass pin 6 
passes. To this pin a single or doable fiber of silk (according to the ose to 
be made of it) is glaed, carrying below a needle of the finest wire, an inch in 
length. A hole is bored in the side of the glass about an inch from the 
bottom, and a wooden or brass cap c cemented over it, through which a glass 
tube is passed. In this tube the conductor d e is fastened by corks; this 
consists externally of a stout brass wire, which is bent upward and ends in 
a screw, in order to attach at pleasure a knob or the plate of a condenser; 
within the glass a thin strip of brass, 1 line in breadth, carefully rounded 
and smoothed in every part, is soldered vertically to the wire with tin, 
and reaches to within ^ of an inch of the opposite side of the glass. In 

jiy i^g the middle of the glass it is bent, 

as is shown in fig. 456. The in- 
strument is placed on a board with 
adjusting screws, and so adjusted 
that the thread reaches just to the 
middle of the bend in the strip of 
brass, and the needle assumes the position indicated in fig. 457. The pin 
b is then turned until the elasticity of the thread just keeps the needle in 
contact with the brass. This is accomplished by raising the pin b so that 
the needle can turn freely, taming the pin until the needle, when at rest, 
fulfills the required condition, and then depressing the needle. 

If electricity be now imparted to the conductor, it is communicated to 
the needle, and the latter repelled. This instrument is exceedingly sensi- 
tive and very reliable; it does better service in Yolta's fundamental 
experiment than any other; bat it is not adapted to class illustration, 
because the fine needle can only be seen near at hand. 

[243] Bohnenberger's electrometer.— The experimenter can 
easily make this apparatus for himself. A large tumbler may be taken, 
and two Zamboni's piles attached to the cover ; but in this case the gold- 
leaf hangs between these and sticks fast too easily, and in shaking it loose 
IS very apt to be torn. It is better to take a lamp chimney, about 2 
inches wide, as shown in fig. 457, for which a wooden cap and base are 
tamed ; in the foot, fig. 458, two grooves are made to receive the tubes 
of the Zamboni's piles ; the gprooves are connected by a slit, so that both 
may be lined with an unbroken strip of the foil. The tubes are left open 
below, and first filled with the disks of paper and then cemented in their 
places; as they are connected by the strip of tin-foil so as to form one 
pile, the poles have always equal strength. The insulating qualities of 
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the gUn tnbei miut pravioaBly be carefolly tested, and tbej must be of 

nch a taw that the pieces of paper will not be very tightly compressed. 

Dialu 9 to 4 lines in diameter are large enongti ; they 

m best cut with & punch of correspoading Bize, oat 

of imitation silver and gilt paper, pasted together 

vith starch. If the sheets are pasted together by a 

bookbinder, he mnst be directed not to nse the paste 

mixed with glne which they nse for other purposes. 

The npper end of the tubes may be closed by a cork 
pared off smoothly, and a wire thmst through this, 
which is twnt into a ring on both sides and presses 
Ml the paper. Of course the two projecting ends 
most be of the same length. If it be desired to 
fhmish tJie npper end with a brass monnting, haTing 
a screw on the outside, in order to attach to It a 
braas cover with a ronnded knob, the space above 
the papers may be filled with a spiral coil of brass 
wire. When the wires are a little longer than the 
Tacant space, they press on the papers. The pole 
which has copper nppermost is positive, because 
the last copper and the last tin are not coupled. 

The conducting wire ia in this, as in other elec- 
trometers, either wrapped with silk, or coated 
with sealing-wax and cemented in with the same. 
The acrew on the end of all of them shonld have 
the aame thread, in order that the same pair of 
eoadeniiog plates may be used with all. 

The large glass tube is not cemented in its base, 
bot a strip of velvet or linen, a little narrower than the depth of the 
cavity in the base, is pasted around the glass in order to stick it in &8t 
The disks of paper of the Zamboni's pile lie loosely upon each other, and 
more or fewer of them may be introduced into the tube, according as the 
wires which form the poles press upon them more or less tightly. By 
HoM means the strength of the poles, and therefore the delicacy of the 
instenment, can be regalated at pleasure. With the dimensions given, 
tba poles can easily be made so strong, that a strip of tin-foil suspended 
between them will oscillate for a conuderable time, which, of course, must 
not occnr when the instrument is used as an electrometer. 

This limit shonld, however, be approached as nearly as possible even 
with gold-let^, when a very sensitive instrument is required. 
This instrument has also been made with an unbroken horizontal pile, 
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instead of a broken vertical one, and the two poles brongfat toward tin 
middle. Tbia constroction has the difficulty, that one must eitber have a 
glass of proper sbnpe mode, or constmct one hj putting together plates 
of glass; figa. 459 and 460 show sach an instnimeDt. This form bu 

Fig, 459. 

Fig. 460. 




certainly the adranti^e that the pole wires e / are longer. If they are 
made elastic and acted on bj screws attached extemalljr temiDatiitg ii 
glass rods, the distance between the plates, and consequently the delicacy 
of the instroment, may be varied at pleasure. 

[3442 ^ Coulomb's torsion balance, thongh not a nrj perfect one, 
may be made by using for the electroscope fig. 448, a glass, 6 inches 
in diameter, giwiaating the upper moantjng of the glass tabe, and 
attaching an index to the brass pin. The shellac needle is saspeuded by 
a TOry fine silver wire, instead of a cocoon fiber, and the torsion is effected 
by tnmlDg the pin. The zero points of the upper and lower gradoatjons 
most coincide, and the disk of tinsel mast stand opposite this when the 
mark on the cap is at zero. It is a good plan to connterpoise the disk 
of foil by one of paper on the other end of the needle, which acts as a vane 
and brings the needle to rest sooner. The cap of the glass vessel mnst be 
loose, so as to admit of introducing a capsule with some fused chloride ot 
calcium. It is indispensable, before using the instrument, to wipe the 
cylinder and the tube with a woolen cloth ; the same precaution ia neces- 
sary with all electrometers. Experiments with the torsion balance before 
a large audience do not often succeed, for the air in a crowded room soon 
becomes too moist to admit of uniform results. 

[215] Charging a gold-leaf, straw, or Dellmann's electrometer, in order 
to judge of the efTect of a body held near it, is best effected by inductioiu 
The knob of the electrometer is touched with a conductor, while an 
exoited rod of glass or sealing-wax is held near it, and the contact broken 
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before the indacing body is removed. The attempt to charge it directly 
seldom sacoeeds well. If the body is highly electrical, it often acts npon 
the electrometer too strongly at a distance ; and if it be too feebly charged, 
it commanicates scarcely any electricity to the knob, on account of its 
low conducting power. 

[246] The proof plane. — ^When it is required to test the electri- 
city of a body which is too highly charged to be brought ^. .^^ 
Dear the electrometer, or to investigate the diffusion of 
electricity over the surface of a conductor, it is done by ' 

means of the proof plane. This is a disk of foil, tinsel, or 
gilt paper, ^ an inch in diameter, fig. 461, cemented to a 
thin glass rod which insulates well, and is coated with 
shellac, or better still, a rod of shellac, 4 to 6 inches long. 
The body to be tested is touched with this disk, and the 
charge communicated to the electrometer, which has been 
discharged with the finger. If the electricity be too feeble, 
the communication may be repeated a number of times. 

[247] The electrical machine. — The electrical 

machine is one of the most indispensable pieces of apparatus ; 
it admits at the same time of the greatest variety in con- 
itmction and size. The size of the machine depends, other things being 
equal, npon the length of the sparks desired ; and it cannot be denied that 
all phenomena of theoretical importance can be exhibited as well with a 
machine which yields sparks ^ to ^ inch long as with one which gives 
8 to 12 inch sparks, for it is immaterial whether a single sheet of paper 
be penetrated or a whole pack of cards. In the school the matter cannot 
be always regarded so abstractly, as it is precisely the variety of pheno- 
mena which often rivets the attention of the pupil, and serves to illustrate 
the theory. But the philosophic amateur is as little satisfied with a mini- 
mum of effect as the scholar. On the other hand, all unnecessary expendi- 
tnre most be avoided, and in view of this we may assert that an electrical 
machine, the conductor of which affords sparks 1 to 2 inches in length, is 
sufficient for all experiments, except such as Yon Marum instituted. 

The length of the sparks depends also partly upon the construction of 
the machine, and it may be assumed in general that a plate machine 
which has a plate 15 to 18 inches in diameter, and docs not give sparks 
fully 2 inches in length, is to be considered defective either in material or 
eonstruction. If the machine be intended for instruction, care must be 
taken that it furnish negative electricity as well as positive, and if possible 
in equal strength. 

It 18 immaterial whether it be a plate or a cylinder machine. Cylinder 
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[DEKhfnes can be fnmbhed Homewbat cheaper than plate machineB of 
equal power, provided the aparkB required do oot exceed I to 3 inches. 

The qDestioD whether it be better to andertake to eoDHtrtict a machine 
or to hnj one read; made, is a different one to the teacher and to the 
amateur. The former must either provide an entirely new apparatoa, aad 
in IhiB case to make an electrical machine, which is the reij first piece <^ 
apparataa needed, is out of the qnestiou ; or he finds a machine snitablc^ 
except that it has not as much power as might be expected frtnn its uie, 
aDd he has to Improre it The amatear will take pleasnre in constmcting 
his own machioe. The priociples by which both shonld be gnided shall 
be developed in the followiDg pages. In ordering « machine, it ^onld 
be stipulated that it shall be capable of being used both for positive and 
negative electricity, and in a heated room in winter give sparks of a 
certain lengtL 

[248] The plate or cylinder, — Plates for this purpose are 
nsnally made of mirror glass, and may be had, ready ronnded and pierced, 
from the maoafoctories of mirrors; they may be obtained throngh a 
dealer in mirrors. In general, greenish glass is to be preferred. Plates 
may also be had from plate glaai 
iactories, but these are seldom of suffi- 
ciently even thickness, and the mbbw 
mast be made very yielding; snch plates 
are, at all events, not to be recommended. 
The axis is nsnally made of iron. A 
thread is cut in the middle of it, and the 
plate fastened by two stout plates screwed 
on the axis, and separated from the plate 
by leather washers. In small machines 
the length of the axis mnst be nearly 
eqaal to the diameter of the plate, and it 
shonld be covered with a stent wooden 
cover varnished with sealing-wax, as 
shown in section in fig. 463. Since the 
hole in the plate is always somewhat 
larger than the axis, it is easy to adjust 
the latter exactly io the center of the plate, 
before screwing np the metallic plates 
very tightly. Glass axes are prefbrable to 
iron, bat they reqatre very careful workmanship, and it is better to leave 
them to the iostmrnent maker. A simple axis of this kind is described in 
§952. 
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The bearings of the axis are made like all other bearings, of two plates 

of goD-metal, which can be approximated to each other by screws, and 

are best supported on glass columns with well-turned wooden heads. 

fiearings of beech-wood cut across the grain are, however, quite good 

enough. The crank has also an arm of glass. It is not absolutely 

neeessary to insulate the bearings, but it increases the power of the 

machine considerably, for the electricity is apt to pass off from the coUect- 

iDg arm of the conductor, or from the rubber to a non-insulated axis, of 

which one may easily satisfy himself in the dark. 

The axis of the cylinder machine is passed through the cylinder ; screws 
an cot upon each end, and instead of plates, wooden caps are used, which 
bclose the necks of the cylinder. The caps must generally be made 
somewhat large and the necks cemented into them, in order to fit the 
axis exactly in the center of the cylinder, which is even then seldom 
perfectly attahied. 

[249] The rubber. — To plate machines, either one or two pairs of 
rubbers may be attached. Experience seems to prove that two pairs of 
rabbets increase the quantity of electricity liberated ; but that, except 
where the plates are more than 24 to 30 inches in diameter, the length of 
the spark is diminished thereby. 

As the chief object of an electrical machine is to produce the greatest 
possible tension, all machines of less dimensions than this should have but 
one pair of rubbers. The Leyden jars may be more rapidly charged when 
two pairs are used, provided again that high tension be not required ; this 
inconvenience may be remedied by a few more turns of the crank, but 
nothing will increase the length of the spark. The rubbers need not be 
broad in the direction of rotation ; 1 to 1^ inches is quite enough, but 
they should be | the radius of the plate in length. They are best made 
of |-inch boards, the comers well rounded off and the surfaces planed 
nuooth. The boards are covered with thick, soft-dressed calfskin, with 
the rough side outward to receive the amalgam ; the leather is glued only 
at the rides, and the edges pared 
off; a double fold of flannel is 
stuffing enough. The backs of 
the boards are covered with tin- 
foil, and two knobs are screwed 
into each by which they can be let 
into a slit in a broad brass spring; 
this is fastened to the conductor, 
and may be compressed by two 
spherical screw-nuts, in the manner 
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shown in fig. 463. Another mode of fastenhig them is seen in fig. 464, 
where the rubbers are attached to two strong brass rods connected with 
the conductor by a joint at a. The pressure is here maintained bj two 
spiral springs, coiled around the wire c, between the brass knobs b and 
the rods. The wire c is thickest in the middle, and filed square towaid 
the ends, so as not to turn in the holes in the rods, which are also 
square. However the rubbers may be listened, each pair must have a 
common spring, so that they may the more easily yield to the inequalitieB 
of the glass plate. 

The rubbers are fastened to an insulated ball of brass. If the size of 
the ball, which depends upon taste, makes brass too expensive, a wooden 
ball may be substituted, and the rubbers fastened to a brass rod which 
passes through the ball and terminates in a brass knob, I to 2 inches in 
diameter. 

The manner of attaching the rubbers to a machine is not easily changed 
without entirely reconstructing it; but badly constructed rubbers can 
easily be exchanged for better ones. The excited part of the plate most 
be covered with oiled silk from the rubbers to the collecting points of the 
conductor. This flap is usually fastened immediately to the rabber, and 
supported by silken cords fastened to the pillars of Uie machine. This 
flap of oiled silk cannot entirely prevent the union of a part of the 
positive electricity of the glass with the negative electricity of the rubber, 
even when the latter is not insulated ; this takes place where the glass 
leaves the rubber. The quantity of electricity lost in this way is greater 
when parts of the rubber are amalgamated which are not in contact with 
the glass. It is necessary, therefore, to avoid amalgamating more of the 
rubber than is actually in contact with the plate. This loss is especially 
sensible when the rubbers are made of thin plates of metal covered with 
leather, and for this reason such rubbers should, notwithstanding their 
elegant appearance, be avoided. This loss may be most effectually 
counteracted by pasting a strip of thick silk to the side of the rubber, and 
allowing it to pass over this and extend a few inches under the flap. The 
amalgam is spread upon this silk, and connected by strips of tin-foil with 
the back of the rubber. The strip of silk which is placed under the flap 
requires no further fastening; it will be immediately attracted by the 
electrified plate. This improvement is easily made on almost any machine, 
and increases the effect surprisingly. When the silk becomes soiled by 
particles of the amalgam, which are carried forward by the plate, it must 
be rubbed off with a woolen cloth, or exchanged for a clean piece. In 
spite of all precautions, the electricity from the rubber of many machines 
will be found stronger than that from the conductor, owing to the loss in 



PHYSICAL EXPERIMENTATION. 



2G9 



tmumission. Instead of the oiled silk, which is not always of the same 
qoality, gatta-percha paper may be used with the same effect, and is mnch 
ehetper; it lasts, however, only about two years, and then gradually 
becomes so tender that it falls to pieces. A better substitute still is silk, 
vimithed with shellac while stretched on a frame. 

The mode of applying ihe amalgam has already been given ; its renewal 
ii generally necessary when the fhll power of the machine is required to 
be exerted after long disuse. Rubbing off the cushions with blotting- 
ptper, or simply rubbing them against each other, is often sufficient to 
restore their effect 

Cylinder machines are furnished with but one rubber, the length of 
which is about | that of the cylinder ; the breadth should be about 2 inches, 
or in small machines not more than | of the circumference of the cylinder. 
It is made of wood hollowed out to fit the convexity of the cylinder, and 
staffed with horse-hair, in order to yield more readily to the inequalities 
of the glass. A flap of oiled silk must cover the cylinder firom the cushion 
to the conductor, and in this case also the strip of silk mentioned above 
is a decided advantage. 

If it be required to insulate the cushion, the springs must be set between 
it and a small carefully rounded board attached to the glass column ; but 
it if difficult to produce a variable pressure in such a case. In smaller 
machines the glass column itself can be supported upon a movable wooden 
base against which the springs act, in order to press the cushion against 
the cylinder, as is seen in fig. 465. Large machines of this sort do not 

Fig, 466. 




usually have the cushion insulated, and then it is easy to attach the 
Mcesaary springs to the support 
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[250] The conductor. — The coadnctor usually consiatB, in ma- 
chines where it has no sjmnietrical position iritli the rnbber, of a short 
metric cylinder, from 2 to 5 inches thick and 10 to 20 inches long, 
ending in a hemisphere, or of a sphere, 2 to 6 inches in diameter. The 
Istter shape is always preferred when the condnctor stands oppodta tht 
snpport of the mbber, as it does in the plate machine. It generally hat 
on the side opposite the mbber a stoat braaa wire, 2 to 3 inches Iob^ 
terminating in a knob, 1 inch in diameter. When the support of the 
enshion is a wooden ball, the condnctor may be of wood too, and in thia 
case the snpport of the collecting arm passes throngh the ball and tenn- 
Inates in a small brass knob. When the condnctor consists simply of a 
metallic or wooden ball, it is very desirable to have a cylindrical condnctor 
on a separate stand, which can be placed in contact with the cnshitw or 
the prime condnctor at pleasure. 

This condnctor sboald have at each end a projecting brass wire, 2 to 8 
inches long, terminating in a knob. The effect of the simple spark from 
Hie condnctor is greatly increased by snch an arrangement The prime 
condnctor carries on the side next the glass an arm which is fcH'ked bt 
plate, and T-shaped for cylinder machines, with sharp points dbrected 
toward the glass. The points should be as aharp aa posBU>le. The rodt 

Fig. 466. 



to which these points are attached shosld be, at least toward the end, not 
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Fig. i67. 



Fig, 468. 



odIj yarnishedy bat thickly coated with a layer of shellac or sealing-wax, 
in order to prevent the escape of electricity toward the axis. Instead of 
setting the collecting points in a straight metallic fork, it is still better to 
employ a bent wooden one, as in fig. 468, and to make the points of pins 
set in a slit lined with tin-foil, and filled up again with sealing-wax. 
Where this wooden arm joins the metal one, it is connected with it by 
strips of tin-foil, and the whole arm varnished with shellac. 

[251] The insolatiOIl. — The best mode of insulating the conduc- 
tor, the robbers, and the bearings of the axis, is by means of columns of 
green glass. These coluoms are, however, very expensive, since with a 
plate 15 or 20 inches in diameter they must be nearly that high, and both 
strength and symmetry require that they should not be too slender. It 
will, therefore, often be necessary to use instead of solid columns, stout 
tubes ; these can be more readily procured straight and tolerably uniform 
in thickness. Tubes answer the purpose quite as well as solid columns 
when varnished internally with shellac and cemented in, during cold, dry 
weather, or a piece of fused chloride of calcium inclosed. 

The conductors have frequently a neck 
to receive the head of the columns, as in 
fig. 467, which is very objectionable, 
causing a considerable escape of elec- 
tricity along the glass, which may be 
readily observed in the dark. The form 
of the insulated body should rather, as 
Yon Marum directs, be depressed at 
this point, as is shown in section in fig. 
468. The defect may be partially re- 
medied, by cementing around the lower 
edge a smooth roll of shellac or sealing- 
wax, 6 to 8 lines thick, rolled out be- 
tween boards whfle warm. 

Defects of insulation influence chiefly the length of the spark, and have 
very little effect on the charging of the jars, unless the tension be great. 
Many machines with which a battery may be charged very rapidly give 
only short sparks. The perfection of the insulation may be judged by the 
brushes of light which stream from the conductor in the dark, especially 
toward the axis and along the columns, which ought not to be visible if 
the insulation is good. 

[252] Winter's electrical machines. — The electrical machines 
constructed by Winter, in Vienna, have attracted much attention, on 
account of the length of the spark yielded by them in proportion to their 
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dimensioiiB. . The RDthor baa one of Winter's mochiDee, with » plate 47 
centimeters (18^ inches) in diameter, which, with proper muageimnt, 
will give sparks 9 to 10 inches long; and as its constraction con be 
imitated in many respects In other machines without mnch expense, a fnU 
deecriptJon of it is ^ren. Fig. 169 is a perapective view of it, } to ^ 

Fig. 469. 




of the natural s ze The plate wh cb s 8 m 11 meters thick is secored by 
sccewi between wooden blocks one of which is connected with the wineh 
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hj u uji of graen glass i, U centimeters long ; the other endB in a 
gudgeon tnming in s wooden knob e, which is sopported on a glass 
eobmn a, 40 centimetan liigh. The gndgeons are all or wood and tnrn 
ii wooden bearings. The rubbers are made of wood covered with 
iMtfaer, and stn&d with a little cotton, and are broader toward the edge 
of the plate. 

Tig. 470 shows a side view of one of the rubbers. The board a, upon 
irhicb two springs are fastened, fits into the grooves of the soclcet, fig. 4T1- 
f^. 411. 



^. 470. 





TUi socket is lined with metal, and connected by wires with the stalk of 
t^ugatiTe condnctor o, fig. 471, which is inserted in the hole c. This 
tonlDctor is supported on a short glass colnmny! A flap of oiled silk is 
sttiched to the mbber which extends to the collecting arm of the coodoc- 
tn, tod is double throoghont, three or foar fold at first. (Oiled silk can 
be cemented together by solation of abellac.) As these flaps fall off from 
tba plate and cnrl np when the machine is not in oae, little ping of split 
cut ara naed to keep them in constant contact with the plat« p, fig. 471. 
The condnctor !■ snpported on a gbtss colnmn g, 47 centimeters high, 
ud condato of ft hollow globe of brass a, 10 centimeters in diameter. 
His g^obs is dspressed below, as is shown in fig. 472. It has a cylindrical 
tube inaerted in it above to receive the handle of the wooden ring, and 
oppodte the collecting arm a hemisphere only 5 millimeters in diameter, 
vhich slides in and oat in a narrow tnbe, 1 inch long. The collecting 
spparatuB consists of two thick, polished wooden rings, from 2 to 5 
cestlmeteTB thick, with an external diameter of 13 centimeters. They 
d to a T-shaped arm of brass, the handle of which, z, fig. 473, 
18 
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slides into tho tnll of the coodnctor. A groove is cot on the Iniide of 
each ring where the eicited sorface fint approaches it, as is seeii hi 
the ring, fig. 474; this groore is lined with tin-foil which extendi to the 





cross-piece of the ann, and set with a thick row of 6ne pin points 
which reach only to the Bnrfoce of the ring. The sapport of the condoctw 
is movable on the base, lieing, like all the other glass colnmns, secured t« 
the base board bj a screw from beneath ; the rings cut, therefore, be made 
to extend more or less over the glass. The longest sparks are obtiuned 
when the; do not extend with their whole diameter bejrond the edge of 
the glass. 

A polished wooden ring, 3 to & centimeters thick and 68 centimeters 
in diameter, can be inserted into the conductor by a handle 60 centimelen 
long, ending in a brass fermle, fig. 474. The ring is made of serenl 
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pieces of wood glaed together, and has concealed in the inside a wire 



which reaches down to the fermle. Care 
most be taken that this ring, when in use, 
does not reach within 2 or 3 feet of the ceil- 
ing of the room. 

A separate ^park-drawer, fig. 475, is at- 
tached. It consists of two brass balls connect- 
ed by a metal rod and supported on a wooden 
stand The larger ball is placed opposite the 
little knob of the conductor and connected with 
the mbber ; it is an oblate spheroid, and repre- 
sents on the side next the conductor a segment 
of a sphere of great diameter. 

The whole machine is fastened bj a wooden 
screw b, fig. 469, to a low table. 

Although the machine deserves full credit 
for the excellence of its construction, the chief 
cause of its powerful action must lie in the 
quality of the glass. Being entirely free from 
soperflaons ornament, these machines can be 
sold cheaper than others. A price list of 
^Rnter^ machines is given below. Each ma- 
ddoe is fhrnished with a spark-drawer. 



'Of plate. Length of qMrk. 

40 inehM. 22 to 24 inches. 

W " 20 ** 22 " 

SO '• 16 " 18 " 

24 " 12 " 14 «* 
18 *• 9 " 10. " 



Fig. 475. 




Price. 


Dtometer of plate. 


Length of apark. 


Price 


$160 


15 inches. 


7 to 9 inches. 


$25 


100 


12 


it 


6 " 7 


II 


20 


80 


10 


4t 


4 " 6 


II 


15 


00 


8 


(< 


8 " 4 


II 


10 


80 


6 


II 


2 «« 8 


II 


6 



Less elegantly finished machines, but equally effective, cost ^ less. The 
tible is not included. 

[253] Management of the electrical machine.— in order 

to obtain the greatest effect from an electrical machine, it must be care- 
fblly freed from dust and from particles of amalgam adhering to the glass, 
sod the insulating columns rubbed off with warm woolen cloths. The 
bearings must be cleaned and oiled from time to time. It is very advan- 
tageous to warm the whole machine, and for this reason it should be 
placed in winter near the stove. The best effects are obtained when the 
building is warmed by heated air, and the machine is placed near the flue. 
Thia wiQ be readily understood when one reflects that the air in houses 
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which are wanned hj ftiniaceB is bo diy as to be a fertile sonrce of diseue 
to the occDpantB. The machine ma; be warmed io Bummer by fitting to 
jVg. ilT. ^ comuoD charcoal fluvace, fig. 

j^, ^1^ y^ 476, a jacket of sheet iron, Bg. 

477, termioatEng in a pipe and 
pierced with niimeroiia holei be- 
low. The furnace is filled with 
well charred coals, and the pipe 
BO directed that the air which ii 
heated between the famace and 
the jacket shall flow out against 
the machine. 

The flaps of oiled silk must also be removed ftom time to time, and 
freed fVora adherent particles of amalgam ; it is also well to lift them np 
before beginning to turn the plate, as they sometimes stick fast and are 
easily torn. 

It need hardly be mentioned that the robber and the condnctor mnat 
not both be inBolated at the same time. The commnnication most be 
snCBciently established with one side, and for tolerably powerful machines 
it is not enoagh to allow a chain to rest upon the dry Qoor; the cluUa 
most either be spread ont npon the floor, or pat in commnnication with 
other lai^er masses of metal. The velocity of rotation depends apon the 
size of the plate, as the question is not so mnch how many revolutions are_ 
made, as bow rapidly the rubber passes over the snrface of the glass. It 
does not appear that the limits are very narrow; the velocity may be 
tolerably great, bat it shonid not properly exceed 10 feet in a second, and 
en average of 5 feet is enough. When the rotation is too slow, the 
electricity of the plate is dissipated under way. 

In experiments in which the maximum effect of the machine is required, 
it is useful to ascertun previously, in the manner described nnder Lanne^ 
jar, in what condition the machine is; for which purpose a card Is 
attached to the jar, noting the number of revolutions neceasary under 
favorable circumstances to produce a spontaneous discharge when the 
balls are at a certain distance apart. 

Where no separate lectnre-room can be had, there is no resonrce, when 
the whole power of the machine is to be brought into play, but to clear 
the room one or two hours before the lecture on electricity, and let it be 
properly aired and heated. Experiments with high tension, which 
require good insulation, never sncceed well in a room occupied for several 
hours by a crowd of persons. 

[254] Freservation of the electrical machine. — The 
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DMcblne is genoiallj bo high that It u incoaTenieat to work when planed 
<Ri an ordiDBiy table, and ia too low to be placed on the floor. It is 
better to haTe a ipeoial table of stteh a height that the winch can be easily 
tnnied ; the machine Is bstened to this bj a, pair or screw clamps, recaains 
upon ft, and is covered with a large cotton cloth. 

[355] The steam electrical machine. — Aaj gmall steam 
boQer will lerre to show the action of this on a small scale. A. simple 
arrangement of soch a machine in which the heat is applied ezteroally. 
will be given in the section on heat The steam ia allowed to escape 
throngh a lead tube, aboot 3 feet long, closed b; a ping of wood with an 
aperture, abont ^ a line wide, and impinges against an nninsnlated network 
of fine brass wire placed abont a foot distant. 

Even with very small dimenuons (which will be given hereafter) and 
a prcaonre of only 3 to 4 atmospheres, snch a boiler 
gives an abundance of small sparks. The effect is in- 
creased by attaching two bnUB plates a b, 6g. 478, to 
the inner side of the plug in snch a manner that the 
steam in escaping between tbem mast take the direction 
(tf the arrow. If the boiler be not insulated, the steam 
nay be directed against an insnloted wire ganze, which 
gives the opposite electricity from that given by the 
boiler. 

[25fi] The inwnlatlTig stooL — "^^i^ i 

Inch thick and 1^ to S fiiet square, well roanded 
it the comers and edges, and strengthened at 
the comers by fonr additional pieces. The 
glass legs most be I foot In height and not less 
than 1 Inch thick. Snch supports are some- 
vbat expensive and may be very cheaply re- 
placed by 1 champagne bottles, which are set in 
st the comers, as shown in fig. 479, and cement- 
ed fast with ordinary sealing-wax. Besides this large insniating stool, a 
nnaUer one, 4 to 6 inches high and 24 to 30 inches sqnare, is needed for 
many experiments. Both should be well varnished. 

[257] Experiments with the electrical machine: at- 
traction and repulsion. — (l) The electrical spider. A ball of 
eofk, with a few appendages like spider's legs, is suspended by a silk 
thread near the conductor ; the palm of the hand or a metallic plate i^: 
held on the other side of it. The ball will be first attracted by the con- 
doctor, then repelled against the hand, then attracted agun, etc. 

(2) Jlie electrical chime. This is easily made out of two clock bells. 



made of a board, 1 
Fig. 479. 
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Fig, 480. 



into the screw holes of which plags of wood are driven ; a wire is thmst 
throagh the plag and bent into a ring close to the metal above and below, 

as is seen in fig. 480. Two snch bells are anspended, 
as in fig. 481, from a strong bent wire, the one bj a 
silk string, the other bj a fine wire. Between the 
two is suspended, by a silk thread, a little metallie 
clapper, which can be made of a heavy button. The 
bell which is suspended by silk is put in communication with the floor, and 

Fig, 482. 





the whole apparatus is hung upon the conductor. With a little more 
expenditure of time and money, the bells may be hung upon an insulated 
stand, as seen in fig. 482, and polished and varnished. Of course, when 
Fig, 483. it is possible, bells which accord should be selected. 

(3) The electrical fly. For this experiment, the little 
insulated stand of the electrical needle, fig. 446, is used. The 
fly consists of an S-shaped brass wire, fig. 483, sharpened at 
both extremities and supported on the pivot by a little conical 
depression bored in the center ; this needle is then brought 
into communication with the conductor by a chain. A 
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Fig. 484. 




simpler plan is to set the fly on a pivot fixed in one of the holes of the 
eonductor JB. 

(4) The golden fish. A figure of 
a fishy fig. 484, is cat out of tinsel, and 
fiMtened with gmn to a silk thread. If 
the head be tonred to the conductor it 
will be attracted, but if the taU be pre- 
lented to the same, it wiU be repelled. 

(5) The expansion of a stream of 
water by electrical repulsion is readily 
shown by means of a tin funnel suspended from the conductor; the out- 
let is closed by a cork, through which a capillary tube passes. As soon 
as the machine is set in motion, the water, which before scarcely issued in 
drops, begins to flow out rapidly. 

(6) T?ie electrical dance, A number of little balls of cork or elder- 
pith are laid on a metallic plate, which is placed at a short distance below 
a similar plate suspended from the conductor of the machine. It is well 
to have the upper plate tolerably thick ; it may be made of a circular 
board, well rounded off at the edges, and covered with tin-foil pasted on 
smoothly, as in ^%. 485. Figpires cut out of paper or pith may be substi- 
tuted for the balls, and the distance between the plates must then only 
slightly exceed the length of the figures. The pith balls are apt to fly 
off from the plates ; it is, therefore, better to inclose them in a cylinder 

Fig. 486. 



Fig. 485. 





of glass closed above and below by a cover of pasteboard coated with tin- 
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foil, npon vhicb a chain from tbe conductor is laid, fig. 486. Bits of 
paper or Band may be ased in the same manner, and the ezperinunt it 
then called the electrical hMl-storm. 

(7) The repnUion of simaar electricity is exhibited by filing in the 
conductor or an insnlated stand a wire, i^nt 10 inohee long, carrying at 
the upper end a email disk of nood coated with tin-foiL ' To this disk are 
pasted alternate red and white strips of tissue-paper, S or 8 lines broad 
and somewhat ehorter ttian the wire, fig. 481. When the machine is set 
in motion the strips will spread ont like an umbrella. 
Fig. 487. 




(8) The electrical spark inflamea Bpirita of wine, ether, or a miztnre of 
oxygen and hydrogen. For feeble tnochines, which give a spark of 2 inches 
or less, spirits of wine must be previously wanned, or lighted, and, after 
being allowed to bnm a moment, blown out again. Both spirits of wine 
and ether shonld be held in a capsule or tablespoon near a knob of the 
conductor which is directed down ward, or a stout wire bent into a ring and 
suspended from it, fig. 488. Ether need not be previously warmed. It 
generally requires several sparks to cause inflammatioQ, probably because 
some of them go to the side of the spoon. Explosive gases are ignited 
in a metallic vessel like fig. 489 or 490, or else in a small cannon, fig. 491; 
the latter is least liable to burst, but even for the one represented in fig. 
490, thick tin plate is strong enough, provided the capacity be not above 
20 or 30 cubic inchea A short tnbe I, abont 2 to 3 lines wide, ie soldered 
to the outside of tbe apparatus, and into this a glass ti^ ( ( is nmented; 
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the wire which paaees throagh the tube ia bent at both ends to a ring, and 
placed aboat 1 milltmetei from the bottom of the chamber. 
Kg. <89. Fig. 4M. 





Before cementing the wire ia its place, it shonld be aacertslned bj 
inapection whether sparks neMj pass from the wire to the Tessel when 
the external ring is connected with the condnctor. 

The pistol may be loaded either by mixing hydrogen gas directly with 
tiie atmospheric air, and then pressing in the cork pretty tightly, or by 
suing an ordinary bottle with the explosive gas and the pistol with peas, 
■hot, or dry sand to displace the air ; the month of the pistol is then 
|daced over the neck of the bottle and the sand shaken iato the latter, 
holding the hand tightly aronnd the necks of the two to prevent as mnch 
u poeaible the escape of gas. In this way a much louder detonation Is 
prodnced. The smallest electrical spark ia sufficient to ignite osy-hydro- 
gen gaa. In charging directly with hydrogen, care mast be takea to mix 
it in proper proportion with the air, for a mixture of little hydrogen with 
mnch air will not explode. It most never be omitted to test the strength 
el the pistol beforehand with pure oxy-bydrogen gas. This is done by 
[facing it behind a door, connecting chains with the pistol and the wire 
and b, and discharging it by a Leydon jar. 

(9) One of the moat striking experiments with the electrical machine is 
made by placing a person on the insulating stool and connecting him by 
a rtoDt braas wire with the condnctor. The sparks are pecnliarly pnngent, 
both to the person insnlated and to one who receives them when they are 
diawn out throngh the clothing. If a second person bold a spoon with 
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ether, the person insulated can i&flame it by touching it with his finger. 
If a. second person hold a metallic plate or simply the hand over the head 
of the insnlaled ooe, his hair will stand on end; and the same thing will 
take place of itself if the hair be dry and the electricity strong. 

(10) Fenetratifig glass. A three or four ounce phisl Is filled with oil 

and closed with a cork, through which a pointed wir« 
Fig. 49S. ia passed and bent, as in fig. 498, so that the point 

presses slightly against the glass. The phial is then 
suspended by the oater ring from the conductor. 
If a metaVic knob be now snddenly held near the 
point of the wire, a spark will pass through the glass, 
even when the striking distance of the macbiDe is 
only an inch. The sabseqaent sparks pass throng 
the aperture to the nsnal striking distance. The 
same phial may be used repeatedly, for the apertore 
is exceedingly fine, so that it can only be seen with 
a lens ; and after standing for days, only a drop of 
oil ezades throagh it Under the microscope, the 
aperture presents tbe same appearance as those niado 
through tbe Leyden jar, which will be mentioned 
hereafter. Unfortunately, this experiment which con 
be performed with go simple means, is not adapted 
for illustration before a class, because of the fine- 
ness of the hole. The wire should not press too 
hard against the sides of the phial, otherwise then 
is danger of breaking and spilling the oiL 

(11) The back stroke. A frog, which has just been stanned by a blow 
on the head, is snspended by a wire from a conductor in the neighborhood 
of the prime conductor of the machine; as often as the conductor is 
snddenly discharged, a twitching of the legs of the anim^ will be per- 
ceived. To make this experiment suitable for class iUnstratJon, the 
machine must be very powerful. 

[258] The distribution of electricit7 over the eur&oe 

of condnctors, and the action of points, may be illnstrated by the proof 
plane applied to varions parts of tbe Earface of an insulated globe. The 
globe may be of wood coated with tin-foil, and suspended by a silken 
cord ; tbe tin-foil mast be smoothed with special care. A long cylindei' 
may be employed for the same parpose. The electrometer used may be 
a gold-leaf or straw electrometer. The experiments can be easily shown 
to a class, when accuracy is not required. 

[259] The action of points may also be demonstrated by hatea- 
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Fig. 493. 



ing a fine needle to the conductor with wax. A candle flame is held 
against this to show the effect of the electrical wind, and attention may 
be caDed at the same time to the difference 
in the length of the spark. The latter 
maj also be done by holding a needle in 
the hand near the condoctor of the machine. 
Fig. 498 shows a yery conyenient appara- 
tus for Qlostrating the action of points. 
Into the board m m a bent glass rod is 
fixed, carrying on the upper end the block 
h^ through which the sharp-pointed wire d 
is passed. The wire fits tightly enough to 
maintain any position. The wire termi- 
nates in the metallic ball e, 1 to 2 inches 
in diameter; but a tin ball cast in a bullet 
mould will answer. Opposite this ball 
toother ball /is fastened to the board with 
a oondnctor. If the point of the wire be 
directed toward the charged conductor, 
it will silently draw off the electricity 
which passes to the second ball, in sparks 
of greater or less length, according to the 
distance. 

[2603 ^^^ contrivances may be employed to prove that electricity 
resides only on the surface. One consists of a conducting globe, furnished 
with two hemispherical caps, also conductors, with 
insulating handles. The internal diameter of the 
cape is at least ^ an inch greater than that of the 
globe ; and the latter is insulated on a glass rod or 
silk cord, which passes through incisions in the 
hemisphere, fig. 494. The globe is electrified either 
before or after covering it with the caps; in either case the latter are 
suddenly removed by drawing them quickly in opposite directions, after 
first moving them so that they are not in contact with the globe. Only 
the hemispheres will be found to be electrical. The experiment is never a 
certain one, because one is very apt in drawing off the covers to touch 
them against the ball. The following apparatus is surer. A strip of 
genuine gilt paper, the length of a sheet, and 2 or 3 inches wide, is 
pasted to a metallic cylinder m m, fig. 495, in both ends of which grooves 
are turned. The other end of the paper is fastened around a piece of 
thermometer tube a 6, to which the ends of a silken cord, about 2 feet 




Fig. 494. 
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long, are fastened, and which anpporta bIw k pair of pith baUs on linen 
thread. The ends of another longer silk cord are pasaed throngh the 

Fig. 496. Fig. *96. 




boles in the grooves r, ^. 49C, 
and fastened by knots. If the 
gold paper be now wound aronnd 
the cylinder vhich ia held by the 
cords in one hand, and the cord 
attached to the paper be drawn 
irith the other band, the cylinder 
must be wonnd np in its cordi aa 
the paper is nnrollod ; when the 
tension on the paper ceases, the 
cylinder will sink sgida by iti 
own weight, and the gold paper 
rolls np Bgiun. If this take place 
while the cylinder is electrified, 
the pith balls approach each 
other as the paper is unwound, 
becanae the snrfece is increased, 
and diverge as it rolls np. This experiment requires a very dry atmo* 
sphere. 



(5.) EXFEBIMENT8 ON ELECTEICAL inSTTCTIOS. 
[361] Take either two brass wires, the thickness of a finger and 10 to 
13 inches long, roanded off at their extremities and polished all over with 
pamice and fine emery, or else two larger conductors of brass smoothly 
soldered. Cement these condnctors to green glass rods, 10 to 12 inchra 
long, well coated with shellac varnish, and set in a wooden foot, as in 
fig. 49T. Four elder-pith electrometers witb linen threads are tied by 
silken strings to each conductor. These experiments mnst be made only 
in very favorable weather, and it is better in many cases to withdraw the 
electricity from the conductor of the machine vrith the finger, rather than 
to remove tiie other conductor from it eo aa to withdraw it firom the 
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eieetrical Atmosphere. A cftke of rosin famishes a better source of 
electricity for such experiments than the condactor of the machine ; eren 
a rod of sealing-waz or glass is 

preferable to this, becaose less ^' ^^'^• 

actual tiana&r of electricity 
takes place flrom them. To 
proTe that the condactor which 
is eleetrified by indoction has dif- 
ferent kinds of electricity at its 
two ends, an electrified pith ball 
is bronght near the condactor at 
diiferait points. If the conductor 
be tooched with the finger while 
thna electrified, no matter at what 
point, it win show thronghoat its 
whole leng^, bat stronger in the 
neighborhood of the inducing body, the contrary electricity ; if the finger 
be taken off and the inducing body then removed, the electricity which 
was before confined will distribute itself over the conductor according to 
the nsoal law, i,e, it will accumulate on both ends. The quality of the 
electrioity on the induction conductor may be most certainly ascertained 
by means of the proof plane, fig. 461, by communicating electricity with this 
to a delicate Bohnenberger's or gold-leaf electrometer, to which an excited 
glass rod is approximated. 

If both induction conductors be placed in contact end to end, and 
separated suddenly while in a state of induction, each will possess but one 
kind of electricity, which is not the case when they are only placed near 




each other in a straight line. 

As the pith balls which are nearest the 
electrified body are strongly attracted by 
it^ it is best to bring the excited glass 
tube, or whatever the electrified body may 
be, toward the induction conductor from 
above, or place the conductor in a vertical 
position, and employ only two pairs of 
pith balls, as is seen in fig. 498, where the 
indoction is produced by a cake of rosin. 
The condactor must always be so arrang- 
ed that the hands may be free to examine 
the quality of the electricity. The in- 
doction should, moreover, never be too 



Fig. 498. 
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Strong, otherwise an error may be caused by a partial transfer of elec- 
tricity. 

Any delicate electrometer may be used for experiments on induction. 
As soon as an electrified body is brought near it, it will show electricity 
of the same kind as the excited body, because this is driven down into 
the lower end of the electrometer. With the removal of the electrified 
body the evidences of electricity disappear. 

If the knob of the electrometer be touched with a conductor while in a 
state of induction, all signs of electricity disappear; but if the communi- 
cation be broken before removing the exciting body, the electrometer will 
show the contrary electricty, after this is taken away. This is at once a 
simple and instructive experiment for the doctrine of disguised electricity. 
Connect the knobs of two similar straw electrometers by an insulated 
conductor, (wire attached to sealing-wax,) then bring an electrified body 
near one of them and remove the wire while the induction continues, 
both electrometers will show, after removing the inducing body, contrary 
electricities. 

Fig. 499. Many experiments on the distri- 

bution of electricity over surfooes, 
the mutual neutralization of two 
kinds of electricity, etc., may be 
made with two similar straw electro- 
meters, by electrifying one and con- 
necting it by an insulated wire with 
the other, which is either not at all, 
or less strongly, or oppositely elec- 
trified. 

In illustrating the doctrine of 
electrical induction the fundamental 
experiments with the pith balls may 
be tried again, and attention called 
to the greater force with which an 
insulated ball is attracted, than one 
not insulated. 

[262] Disguised electri- 
city. — The theory of the Leyden 
jar is best illastrated by the appara- 
tus fig. 499. ii ^ and ^ jP are two 
metallic disks, with thick, rounded 
rim, and well insulated glass han- 
dles, one of which is fixed in a wooden foot. The glass plate (7 D is 
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Uid between them, extending at least an Inch bejond the edges of the disks 
on enrj ade; its edgea need not be ronnded. Polished wooden disks, 
coTend smoothly with tin-foil, may be sabBtitnted for the metallic plates. 
Ewh plate is provided with an elder-pith electroscope, which can be easily 
lemored; for this parpose the npper one is enspended from a wire on a 
iDstaUic foot, and the lower one from a hook. T^e ^d £ by its glass 
handls and draw off a spark with it, and bring it near the glass plate C D 
while its balls are diTergent, fig. 500, its balls will sink nearly together, 
and those oa H F will diverge ; conduct off the electricity from E F, and 
the balls on A will dnk to within an almost imperceptible distance. Take 
A B off, aod both puTS of balls will diverge again. Conduct electricity 
to ^ .B, by means of an insulated wire while resting on the glass plate, 
and both purs of balls will diverge once more ; continne the charging so 
long »B A B will receive any electricity ; then tonch E F with a conduc- 
tor, the lower balls will fall together, the npper ones nearly ho, and A B 
win Toeeivo more sparks, etc.' If the two plates be then connected by a 
wfr^ a lengthened spark will be prodaced; but if the two be separated 
from each other and the glass and discharged, and the apparatas pnt 
together again, it will be fonnd still to contain a residnal charge. A 
thin, uniform plate of glass most be selected, and the charge not nVged 
too far for fear of a apontaneons discharge. 



J^. 600. 
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Fig. 501. 
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Fig. 502. 




A plate of gtasa, coated on both sides with tm-foil to within 2 inches of 
the edge, servea also to illnstrate the theory of the Leyden jar. It may 
be set npright on a wooden stand, figs. 501 and 502, and a pith ball with 
linen threaj attached with wax to the tin-foil. It is nBually charged by 
holding one coating against the conductor, while the opposite coating is 
touched with the finger. 



288 PHYSICAL EXPERIMENTATION. 

RemoTO the plate from the condactor and toach each coating alternately, 
the ball will fall to the coating each time on the side which is tooched, 
and the other will fly off. The margin of the glass should have several 
coats of sealing-wax varnish. This shonld be made with 90 p. cent 
alcohol and an excess of sealing-wax. When the coating has become so 
thick as not to show the glads anywhere, which shonld be effected by 
repeated rather than thick coatings, one or two coats of pure shellac are 
applied to give it a firm, glossy surface. Even the best sealuig-wax is 
apt to remain a little sticky on the surface. 

[263] The Leyden jar: its oonstruotion.— Wide-mouthed 

specie jars are the best for the purpose. They should be of various sizes; 
a small one, 4 to 5 inches high and 2 to 2^ inches wide, a larger one of 
about 1 quart capacity, which may be used as a measuring jar, and several 
others of different sizes, besides one of 2 to 4 quarts capacity made of 
thick glass, for experiments with high tension. 

A greater effect is produced by one jar with a large coated surfiice 
than by several smaller ones whose aggregate surface is equal to it^ com- 
bined into a battery. For large jars, those which are high and narrow 
are preferable to wider and shallower ones, because they occupy less space 
on liie table. Economy of space should always be considered. Glasses 
of uniform thickness and free from bubbles should be selected, as they are 
easily broken by a spontaneous discharge at thin spots or wliere bubbles 
occur — which will happen sometimeR at all events, and makes it the 
more necessary to be able to construct jars for one's self Jars with 
thin glass are, indeed, preferable, but should only be used when quantity 
of electricity is needed, which is obtained by increasing the number of 
jars, and not for high tension. The jars designated for experiments with 
electricity of high tension should have walls at least 1 line in thickness, 
and a broad uncoated margin. 

A greater quantity of electricity may, it is true, be also obtained by 
charging the jars to a high tension, i.e. till they yield sparks nearly as 
long as those of the electrical machine ; but on account of the imperfect 
insulation, much electricity, and consequently time in charging, is lost, and 
with a small machine this consumes time enough. One may easily satisfy 
himself how far a jar may be charged without loss of time, by insulating 
it well and connecting the outer coating with Lanne's self-discharging 
jar, the knobs of which are placed very close together. When the number 
of revolutions necessary to cause a discharge of Lanne's jar increases 
rapidly, the quantity of the charge will not be increased in proportion to 
the labor expended, and it will therefore be better, when the success of an 
experiment requires it, to increase the number of jars. Four square feet 



PHYSICAL EXPERIMENTATION. 289 

of coated sarfiuse are sofficient for all illustrations of the effect of the spark, 
if the machioe giro sparks at least 2 inches long. The ancoated margin 
most be 8 to 4 inchee high, to admit of considerable tension in certain cases. 

The next requisite after the glass is tin-foil, which is, nnfortnnately, not 
to be had eTerywhere. Imitation silver paper is a bad sabstitnte for 
tin-foil, for the tin on it is broken in many places and the paper is a bad 
e<Midiictor. 

The tin-foil is pasted on with thin starch. The paste should be 
applied to the tin-foil very thinly and the foil immediately laid on the 
glass, covered with a sheet of paper and pressed down with a cloth 
rolled up into a ball, so as to lie smooth. Any bnbbles still remaining 
are caused by inclosed air or starch ; they shonld be cut open with a 
sharp knife, and the foil pressed out smooth. As the bottom of the jars 
ii usually convex within, the beginning is made with it : cut a round piece 
of tin-foil large enough to reach up a little way around the sides, and 
make incisions around the edge. The sides are coated with upright strips 
of tin-foil, not over 2 to 8 inches wide. When the inside is completely 
coated, begin on the outside. As the bottom is concave on this side, the 
tin-lbil stretches evenly across it; when the edges are pressed down, 
endeavor, by gentle friction with a cloth, to force the foil gradually into 
the cavity, which generally succeeds unless the cavity be very deep. Any 
rents which occur must be patched with foil. When the coating is com- 
pleted, place the jar on the table and draw a line all around it at a 
miform height Cut off the foil evenly by this line, first outside and then 
inside. The small jars and the measuring-jar must have an uncoated space 
arooiid the top, about 2 inches wide, which should be covered with shellac 
or sealing-wax varnish. The smaller ones may be previously warmed. 
The nncoated margin of the larger jars must be 3 to 4 inches wide, and 
for high tension the margin must be 6 to 8 inches wide. The conducting 
wire shonld also be surrounded by a glass tube extending from the knob 
into the interior of the jar. A coating of sealing-wax is very useful 

After the jars are coated, make for each of those which are to remain 
sfaigle a case of pasteboard, reaching to about ^ to ^ the height of the 
coating, and cover it inside and out with silver paper. This serves as a 
protection to both coating and glass. A ring of thin brass wire may also 
be laid around the jar just above this case, to serve for attaching chains, etc. 

Finally, procure from the turner a tight-fitting cover of hard wood, 
through which the conducting wire is inserted, reaching nearly to the 
bottom of the jar. For this, brass wire 1 line in thickness is employed, 
or for very large jars, wire 2 to 4 lines thick. The outer end of the wire 
terminates in a knob, ^ to 2 inches in diameter, screwed or soldered to 

19 
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the wire. The knob Bhonld be hollow, and may be made by any brase- 
wotker. 

la cue of need a ball of tio may be cast on the wire in a bnllet moold. 
A. piece of gold loce, or a oonple of little chains, are attached to the 
lower end of the wire to connect it with the inner coating. The topi of 
the small jars and of Lanne's measaring-jar are cemented on. This is 
effected simply by coating the edge of the cover thickly with sealing-wax 
in solntiou, and allowing the same to ran in between the wood and the 
glass after applying the cover. The covers should all be well varnished 
to protect them lirom moistore. 

To combine several jars in a battery, place them in a box which will 
Jnst bold tbem all when placed in order, and coat it internally with tin- 
foil, with which a brass ring communicates on the ontside. Then connect 
tiie inner coatings by brass wires extending from knob to knob; the 
hooked ends of these wires must be monnted with balls as large as a 
bnllet 

These batteries are very convenient, because the inner snrfaces of aay 
nnmber of them may be connected by wires. They are not convenient for 
charges of high tension, for in this case one of the jars is frequently brokai 
by a spontaneous discharge, and one cannot always be found to take the 
place of the broken one. Bnt batteries are, in &ct, unnecessary, for any 
number of jars may be quickly placed together and united by a chain 
embracing them all. The inner coatings must be connected by thick brass 
wires bent into a hook at each end, and furnished with knobs. Care most 
' be taken to make the connection perfect 

Very small jars are made of medicine phiala, 
Fig. 503. coated with tin-foil only on the ontside. Instead of 

the inner coating they are filled with iron or brass 
filings, or else a thick solntioo of gum is ponred into 
them and spread over the surface to the required 
height, and then filings ponred in and shaken np; 
what does not adhere is shaken out after drying. 
The conducting wire is stnck through a cork. The 
wire of such bottles may be bent as in fig. 503. By 
holding in the last three fingers a piece of amalga- 
mated leather, with which a glass tube held in the 
other hand can be mbbed while the bottle is held 
between the thumb and fore finger, the tube passing 
through the ring in contact with it, snch a small 
bottle may be charged sufficiently to ignite oxy-hydrogen gas, and g^n a 
slight shock. 
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[264] The diBObarger. — The most conTenient form of the dis- 
charger is thftt Bhown in &g. 504, in which the two wirca b c and b' c are 
connected bj ft hinge at c, and each has its own insalating handle, by 
means ot which tlie distance between the knobs can be altered at plea- 
Bon. The arms most each be 8 to 10 inches long, to admit of their being 
used for ihe largest jars. The handles are mode of groea glass rods, 
4 to 6 inches long and ^ to I inch thick, cemented into brass collars, 
which an soldered to the wire. When the discharger has only one handle 
attached to the hinge c, it is very inconreDient, more so than the simplesi 
Fig. 504. 

Fig. 505. 




form of the discharger. The simplest form is a small brass chain attached 
to a short wire cast in a ball of lead or tin, and inclosed in a ehort glass 
tnbe. The chain is hung aronnd the outer coating, and the ball applied 
to the knob of the jar. A more conTcnient arrangement is a wire, 2 to !i 
millimeters thick, famished with two knoba and glass tubes, as seen in fig. 
505. The wire shonid be hardened so as to have some elasticity. 
Fig. 506. 




[265] ffenley^B universal discharger is a very convenient Birangement ; 
it li Bhown in fig. 606. It consiBts of two insntating colamns set in a 
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base-board, and supporting the conducting wires, between which a mov- 
able stand is placed. The wires are so arranged as to slide back and 
forward in the caps of the glass colamns, and a joint permits them to be 
inclined at any angle. They must also be capable of being fastened in 
any position, which may be done very easily in the manner shown in figs. 
507 and 508, in half the natural size. The piece a a, in which the wires 
slide, turns around the screw c between the heads h b. The whole may 

Fig. 50t. Fig, 508. 






be drawn tightly togetner by the screw c. The wires need not necessarily 
terminate in knobs ; they may simply be rounded off. It is very con- 
venient when they have a small opening, as seen in fig. 509, in which fine 
wires may be fastened by a binding screw ; the rings at the other end will 
always serve instead of the balls, by inverting the wires. The little 
stand need not be insulated, but it is convenient in some experiments to 
have a glass plate large enough to cover the top. It is also convenient 
to have the stem made of brass, extending down through the base. 

[266] The discharging electrometer, or Lonne's meas- 
uring-jar. — To make this, select a jar holding 1 to 2 quarts, of clear, 
thin glass, and coat it to within an inch of the edge, as it will never be 
used for charges of high tension, and it must be so arranged that a 
discharge will take place over the edge sooner than through the glass. 
It is very advantageous to use always the same jar — ^the same measure of 
the charge — for this purpose. The cover must be fastened on, because 
the knobs must retain their relative positions unchanged. The jar, with 
its case of pasteboard, is placed on a board excavated ^ of an inch to 
receive it, fig. 510; and into the same base the wooden column a, fig. 511, 
is fasteued, which ends in a wooden clamp with a binding screw, of which 
a front view, half the natural size, is given in fig. 512. This clamp is 
arranged to hold a brass wire c a line in thickness, and terminating in a 
ball at one end, at any given distance from the knob of the jar. These 
distances are marked in tenths of an inch on the wire itself. As the wire 
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majr be bent, or tlie ccdnrnn a warped, the distances between the balls 
may aUo be meaenred with a pair of dividers, and the wire adjasted bjr 

Fig. 511. 




a fine thread cnt ou it The wire c is either connected with the outer 
coating of the jar by a amall brass chain, or, still better, by a strip of 
tin-foil passing down the colnmn and along the board to the jar. 

The charge of a jar or a battery is measored with Lanne's jar, by insu- 
lting the jar or battery, and connecting its onter coating with the inner 
coating of Lanne's jar, while the knob of the wire c is placed at a very 
■mall distance from the knob d of the jar. When the same nnmber of 
iparka have passed over in two diCTercnt cases, the charged jsrs have the 
nme quantity of disgaisod electricity, let their size and nnmber be what 
they may. The condition of the electrical machine may also be examined 
by means of Lanne's jar, by observing how many revolutions are reqnired 
to effect a discharge at different times with the same distance between the 
balls. Id the same way two machines may be compared with each other, 
but only in respect to quantity. 

[S67] Experiments with the Leyden jar. — General obger^ 

coft'ons. A. distinction mnst be drawn in general between experiments 
which reqnire electricity of high tension and those which reqnire qaantity : 
to tlie first class belong all mechanical effects, snch as breaking throngh 
glass; to the latter, the evolntion of heat in good conductors, like the 
burning of gold-leaf between glass, etc. It is, moreover, a good plan to 
make every experiment which requires long-continned turning of the 
machine, with insulated Jars, and connect the outer coating witb the 
measuring jar, the balls of which preserve a constant interval. If the 
r knows then how many diBchargea of the me&snring jar are 
y to charge the larger jar saflicieDtly for a given porpose, he can 
proceed mnch more certainly in snbeeqnent experiments, and loses no 
'time either by a premature discharge or by snperfluons labor. The number 
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of tnrns of tbe crank is, on account of the variable condition of the atmo- 
sphere, and other disturbing influences, not so safe a guide. Henley's 
quadrant electrometer, fixed on the conductor, gives much more reliable 
indications when a known jar is sufficiently charged. It is indifferent 
whether the jars be charged with positive or negative electricity ; if the 
machine affords both, choose the stronger, which is often the negative, 
since, as already mentioned, certain sources of loss do not exist on tliis 
side which occur on the other, e.g. the loss in passing from the robber to 
the conductor. 

If it be necessary, for any purpose, to charge a jar with n^aUve 
electricity and the machine affords only positive, one has only to hold the 
jar by the knob, and let the positive electricity pass into the outer coating 
while the jar is held up in the hand, or stands on an insulated support 
It must, at all events, be set down on an insulated support ; if this pre- 
caution be neglected, the charge will pass through the arm. The charge 
produced in this way is somewhat weaker than the positive charge. 

The spark always seems to go from the side on which free electricity is 
accumulated. 

The interior of the jar is connected with the prime conductor by brass 
wire, 2 lines in thickness, rounded off and bent into a hook at each end. 
Several of these wires of different lengths should be provided, some of 
which may have the hooks placed at right angles to each other. A con* 
siderable loss of electricity is incurred by using thin wire for connecting 
the inner coating with the conductor, as may easily be proved with Lanne's 
measuring-jar, by connecting an insulated jar at one time by thick, and 
another time by thin wires, and counting the number of turns which 
gradually become necessary to cause a discharge as the tension increases. 

Chains must be entirely avoided for this purpose. They are very suit- 
able for connecting the outer coatings, and for connecting the outer 
coating with the discharger and the various parts through which the 
shock is to pass. The simple brass chains used for this purpose cost 
little more than the price of the wire. 

It should be remarked, that the effect of the discharge is much in- 
creased by bringing the knob of the discharger suddenly near the knob 
of the jar, as if about to strike it ; this precaution is necessary when the 
force of the charge is only barely sufficient for the required purpose. 

[268] Experiments with the Leyden jar, — (l) Perfo- 

rating paper. Single cards can be perforated with very light charges. 
The card is laid against the outer coating of the jar and one knob of the 
discharger, figs. 504 and 505, held against it while the other is suddenly 
brought near the knob of the jar. To perforate several cards at -once it 
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is more conTenient to place them between the balls of Henley's universal 
discharger. 

(2) Perforating glasB. In this experiment electricity of high tension 
is required. It can be effected without difficnlty with a jar having only 
70 or 80 square inches of coated snrface, if the margin of the jar be 6 or 
8 inches wide, and the electrical machine give sparks 2 inches long; 
whereas with less tension, t.e. with a margin only 3 or 4 inches wide, 4 
square feet of surface are not enough to effect it, the jars in both cases 
being charged as highly as possible. The glass perforated must be a pane 
of ordinary window glass, at least 6 inches square, otherwise the charge 
will go around it 

The best plan is to wind a wire around the stem of the stand on 
Henley's discharger, fig. 507, and allow one end of it to reach to the 
middle of the plate, while the other, bent into a hook, is connected with 
the outer coating. If the stem of the stand be of metal, it is only neces- 
sary to attach the chain to it The pane of glass is laid on the stand, and 
one or two inches of its surface smeared with oil to make it insulate 
better. A pointed wire screwed 
into the rod of the discharger is ^' 

laid on the glass opposite the 
middle of the stand, fig. 513, so as 
to pfess upon the surface with some 
fnoe. The other end of the rod is 
connected by a chain with the knob 
of the discharger, which is held in 
the hand and laid on the knob of 
the jar. 

(3) Wood may be perforated in 
the same way. The board should 
be Tarnished on both sides. 

(4) To burst glass tubes Ttqam^ 
a greater quantity of electricity, but is easily effected. Brass wires, bent 
into hooks at the ends, are inserted through two corks fitting tightly into 
the ends of a green glass tube, which is filled with water and the corks 

Fig. 514. 





pressed in tightly, fig. 514. The ends of the tube should be contracted 
over a spirit-lamp, the corks then fit tighter, and the tube is not so apt 
to burst in driving them in. The ends of the wires are placed about 2 or 
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Fig. 515. 




8 Uoee ftpart, and the appantttu interpolated in a chain connecting tin 
outer coating and the simple discharger. As the bagments of glua an 
sometinies thrown to a constderable distance, some arrangennit mntt be 
made to prevent this. Even open glanes may be bnrst by an electrical 
spark, bat a tolerably strong chugs and 8 
or 4 sqnare feet of coating are necessary to 
effect it. The arrangement is made some- 
what as shown in fig. 615. The wires are 
bent so as to bold on to the glass by their 
own elastidty, and their ends brought with- 
in 2 or 8 linefl of each other. The glass is 
often broken off at the stem, nnless the stem 
taper gradaally. 

(5) Melting iron wire. This experi- 
ment, to sncceed without powerfol appan^ 
tns, most be made with wire mnch finer 
than can be purchased. A piece of wire 
about 8 inches in length may be laid in 
nitric acid ho as to project at both ends, and eaten down to the reqaired 
fineness ; it is then washed off with water, and its thick ends &stened into 
the rods of the universal discharger. A good charge is stJU reqaired to ftisa 
the wire, bat it may be effected with 4 to 8 sqaare feet of coated sarface. 

(6) Igniting gunpowder. Bore a hole, ^ to 1 inch in diameter and 1 
ioch deep, in a block of hard wood ; introdace into the bottom of this two 

fine brus wires through holes in the 
^- ^'^' sides, and let the ends of the wires be 

abont 2 lines apart, fig. 516. Poor 
powder in loosely and press a tolerably 
tightly fitting cork directiy upon it 
Tie a piece of ordinary twine, 8 to 5 
laches long, aad thoroaghly moisteaed, 
to one of the wires, and attach the chain of the discharger to this; this 
ioterrnption is not necessary oa the other wire. Withont this precaation 
the experiment will not succeed. The chaise required is about the same 
as in No. 4. 

Qan-cotton may be ignited in the same way, with about \ the charge 
necessary for gunpowder. The cotton must be placed between the ends 
of the wires. This experiment may be made with the weakest machines. 

(7) Meliing gold on glaeg. Have a strip of gold-leaf laid on a fHece 
of even glass, as in fig. SIT. This may be done by laying the glass, 
preTionsly moistened with the breath, on the edge of a leaf of gold, and 
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dniring ft rigfat ihmrp, cleBQ, dry koife ftlong the edge of the glass; the 
exran of gold-leaf ii Vkeo cut away from the glasa. The glass is 
corered with another liinilar piece and laid between two Btripe of felt, one 
of which is coated at both ends with tin-foil exCending to the glass. The 
^.511 Fig.bia. 



strips are then tied finnlj together, or screwed np in the little press, fig. 
518. This press consists of two boards and four wooden screws, which 
serre at the same time as feet ; the female ecrew is cut in the npper board. 
Strips of tin-foil a are pasted on opposite sides of one of the boards ex- 
tending some distance over the inner surface, and wire hooks are driven 
in through them. The coated ends of the felt are laid on these strips and 
the screws drawn moderately tight The apparatus is intercalated in the 
ch^n connected with the onter coat of the jar. The glass is generally 
shivered and the gold porple is burnt into it. This experiment does not 
require so strong a charge as to ignite ganpowder. 

(8) Combustion of metallic ribbons. Wires of other metals than 
iron and ptatina can only be fnsed with powerful machines and large 
betteries; bnt a strip of fine tin-foil, abont ^ line wide, makes an ezperi- 
nent which is snccessful even with a feeble apparatus. A strip of this 
width, uid an fnch or two long, fastened between the rods of the nnirersal 
dUchuger, is bnmt by the electric spark, and the oxide forms a light 
white cloud. The metallic coating on genuine and imitation gold and 
nlver paper may be bnmt in the same way; false gold paper requires a 
rather stronger charge. If the strips are inclosed between strips of white 
paper in the little press, 6g. 518, so as to touch the slips of tin-foil, they 
will leave colored streaks on the paper. Similar bnt broader streaks 
are made when fine wires ore melted between the points of Henley's dis- 
charger over a sheet of paper. 

(9) Igniting resin. Pulverize resin finely and mix it intimately 
throngh a wad of cotton, the size of a walnut, by rolling the cotton in the 
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powdsr, picking it to [deces nad rolliDg it together agaia repeatedlj. 
Lay a bait in a flat metallic capsule on the stand of the nniversal dia- 
cbarger connected vith the outer coating of the Lejden jar, and place 
the ball of one of the rods of the dis- 
chai^r BO as to stand 1 or S lines abore 
the cotton. If the discharger have do 
ball on the end of the rod, a small ball 
with a bent wire shonld be screwed into 
it, as seen in fig. 518; the chain of the 
ordinaiy discharger ia then connected 
with the rod, and the charge passed 
through the cotton. A mnch lighter 
charge is required than to ignite gun- 
powder. 

If the cotton be wrapped around the 
wick of a wax candle placed between 
the knobs of Henley's discharger, the 
candle may be lighted by the spark. 

(10) A. lighted candle placed between the knobs of the discharger will 
he extingnished by the shock ; one joet extingoished will be relighted by 
8 very strong charge. 

(11) The thunder house. Make a little wooden tower a a, fig. 530, 
with a movable iiointed roof, through which the wire c d, terminating in 

Fig. 520. Fig. 521. Fig. 523. 





little knobs at both ends, extends downward to within a short 
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from the eapnile e e, filtfd with alcohol « ether, which is connected by 

the win F with the oiit«r coating of a jar. A slight charge ia snfficient 

to InflamB the contents of the capsole. 

An electrical pistol of tin may be placed in the bottom of a siniilsr 
tower, the roof of which will be blown off by the discharge, fig. 531. If 
the tower be prorlded with a conductor well connected at a and b, fig. 
S88, the two parts of which fit with slight friction into each other at the 
bend, as seen In fig. 533, the explosive gas will not be ignited if the con- 
ductor is good enoagh to can; off a slight charge. If, however, too 
thin a wire be Inserted between a and b, the chaise will be divided, and 
the gw wiH be fired. The chain of the dischai^r shonld be attached to 
the wire at the apex of the roof. The pistol shoald not hold moch gas. 
This experiment is especially iDStrnctive for the theory of the lightning- 
rod. It may be performed more simply without the tower, the condnctor 

Fig. 523. Fig. S34. 



Fig. 626. 




of which is (Tonhleaome on account of the roof being blown off, by fi 
ing to one limb of the discharger two wires a b, fig. 524, one of which is 
eoDuected with the knob of the pistol, and the other directly with the 
enter coatdng of the jar, the pistol itself being also connected with this. 
IT the wire 6 be thick enough, the charge all passes throngh it, but if it be 
too slender, a part of the charge will pass throngh the other wire and 
discharge the pistol. This wire ahoald be short and kept stretched dnring 
the discharge, to insure a good connection. The striking distance within 
the pistol most not be too short. 

(12) The electrical mortar. In a cylinder of boxwood, shown in fig. 
526, of ^ the real size, bore a hole, with a hemispherical enlargement 
above, to receive a ball of ivory, wood, or elder-pith which lies loosely in 
it n na to close the mouth of the tube entirely. Pass two wires, about 



800 PHTSICAL EXPERIMENTATION. 

1 line in thickness, into the cavity, about the middle of its length, and 
insert them in the connection between the inner and the enter coatingSL 
The ball will be thrown ont with more or less force according to ita 
weight and the strength of the charge. This very instmctive experiment 
succeeds with a very moderate charge, if the ball be of pith. 

(18) Physiological effects. To give the shock to a number of persona, 
let them join hands, and the first one taking hold of the chain connected 
with the outer coating of the jar, let the last touch the knob of the jar 
with a wire ending in a knob. The chain must be of considerable length, 
so that the jar will not be jerked over. The greater the number of per- 
sons, the heavier the charge must be. The effect is diminished somewhat 
toward the middle of the row, because a portion of the charge goes 
through the floor. For this reason one should beware of approaching too 
near to the parts connected with the inner coating of a heavily charged 
jar, when separated from the outer coating only by a small space of the 
floor. The effect of the shock upon men is exceedingly variable, according 
to their constitution. The effect of a certain charge upon ourselves 
should always be known before giving the shock to others ; very unpleas- 
ant effects might otherwise be produced. One has involuntary oppor- 
tunities enough to gain such experience, so that the precaution is only 
necessary with machines and jars whose power is not known. 

In order to make the experiment of killing animals by an electrical 
shock, the extremity of the vertebral column must be connected with the 
outer coating of the jar, and one knob of the discharger laid on the head 
of the animal, while the other is suddenly brought near the knob of the 
jar, 60 as to pass the charge through the brain and spinal marrow. 
Cats and other animals of this size can only be killed by a powerful appa- 
ratus. Birds are killed more easily, if it be deemed necessary to make 
such experiments at all. 

(14) The following experiment is interesting as illustrating the action 
of the apparatus for giving shocks by galvanism, and its connection with 
the physiological effects of the Leyden jar. Set the knobs of Lanne's 
measuring-jar, about ^ to j^ millimeter apart, and place the person who is 
to receive the shock, or a whole row of persons, in communication with 
the outer coating of the jar on one side, and with the wire c, fig. 511, on 
the other side, having first interrupted the connection of the wire with 
the outer coating. A single discharge of the jar will scarcely be per- 
ceived, but if the discharge be turned rapidly, numerous discharges succeed 
each other at exceedingly minute intervals, and the effect is the same as is 
produced by an induction apparatus with the lightning wheel. 

(15) To show the effect of the electrical current from the Leyden jar 
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on the magnetic needle, pus the charge throngb & multiplier of verj 
long, fiDe wire, (at least 300 tnniB,) interpoBing several ioches of wet 
hempen twine in the circnit It needs only a moderate charge. 

(16) To magnetize eleel by an electrical ehoct, coi} fine, well-wrapped 
wire cloaelj aroond a small g^ass tnbe, 3 or 3 inches long, and varnish it ; 
tMtr to each end a piece of thicker wire bent to a hook. Laj a piece of 
steel knitting-needle, the length of the tnbe, inside of it, and pass the 
d«^ from a jar through the wire. If the chai^ he not too strong, the 
needle will hare its north pole where it shonld be according to Ampere's 
theory. With a stronger chai^, Toriations will occnr, which cannot 
be explained in this place. 

(It) Induction by the Leyden jar. Have two circnlsr boards nude, 
10 inches in diameter and 1 to 1^ inches thick ; they shoald be made of 
two or three thinner pieces glned together so as not to warp, and turned 
round on the lathe, and planed even on one aide. On the even side cnt 
concentric grooves, ^ inch deep and ^ inch apart, and connect them so as 
to form a spiral, as shown in fig. 526. The grooves mnst be cut symme- 
tricaUy in both boards, so as to fit together when laid upon each other. 
Fig. 526. 




Tsmish the grooves and lay a copper wire, about 9 millimeters thick, in 
tbim, and fasten it down with little pins driven in slanting. Pass one 
end of the wire through the board near the middle, and bring it toward 
the edge on the outside ; carry the other end of the spiral over the inner 
mr&ce so that the two ends will come near together, and fasten both 
firmly by driving in staples. Then fill the grooves with resin or shellac 
melted in with a hot iron, so as to prqject above tbe surface of the board. 
Smooth off the snr&ces clean and varnish the boards with shellac, which 
will impart a gloss to the resin also. Fnmish one of the boards with 
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three low feet, and the other with a knob to serve as % faftadle. Tfaej 
need not be insnUted, except for expeiimeata where measurements are to 
be made, and then only the lower one. Even the laying the wires in 
reslii might perhaps be dispensed with; at all events, I hare hitherto 
used snch a coatiDg for one disk only. The experiment is made by lay- 
ing a plate of gloss between the boards, brio^g the two ends of one 
spiral near together, and discharging ajar through the spiral In the otbm 
disk. At each discharge a spark will be seen to pass between the mds 
of the other wire. If a person complete the circuit of the second wire, 
he will receive feeble shocks. It is desirable, though not neceaaary, to 
make the connections with binding screws. Fig. 6ST shows the a 
complete. 

Fig. 637. 




(18) Slow discharge of a Leyden jar. This experiment is very well 
adapted to illustrate the action of points. Attach a chain to the outer 
coating of the jar, and hold the end with a fine needle between the thumb 
and fore finger. Present the point of the needle to the knob of the jar: 
it will be gradually dischai^ed, and the point of the needle will be lumin- 
ous in the dark. 

(19) Electrical breath images. ITpou a small stand lay a coin, and 
upon this a piece of common window glass wiped clean, and upon this a 
second coin exactly covering the first. Place the end of a wire bent into 
a ring under the lower coin, and bend the other end of the wire over 
toward the other coin, so that its ring will stand about a line from it 
Set the stand under the conductor of the electrical machine and let a chain 
hang down to the coin. As the machine is turned, discharges of the 
little apparatus will take place in quick soccession. After several hnndrcd 
such discharges, take the little apparatus apart, and the glass, when 
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breathed on, will show the impressions of both coins. These images are 
often visible when the glass is breathed on, after the lapse of many months 
and alter being repeatedly wiped. 

[269] The electrophorus. — This is generally made at home. 
The mould may be made either of wood or tin. In the first case, a 
wooden rim is tacked to a roand disk of dry wood, so as to project aboat 
^ inch above the bottom ; the whole monld is then covered, inside and 
ont, with fidse gilt paper or tin-foil. Tin moalds are mnch more easily 
bent than wood, and they expand more by heat, causing the cake of resin 
to crack in every direction. Wood expands most from moisture, espe- 
cially in the direction perpendicular to the fibers, but this may be pre- 
vented in great part by selecting well-seasoned wood, and coating it 
thickly with hot oil varnish ; it may warp somewhat during this process, 
but should be planed off even and varnished again. 

The materials usually prescribed for the resin cake consist of various 
mixtures of shellac, pitch, wax, rosin, turpentine, etc. It is very doubtful 
whether the proportions of these are the result of extensive experience, 
and the ingredients are in themselves incompatible. What good can tur- 
pentine, rosin, and pitch do together, since rosin is only pitch freed from its 
oil of turpentine, and of itself a brittle substance ? Shellac is unquestion- 
ably the most suitable substance, and needs only an admixture to render 
it less brittle. This is effected completely by a mixture of 5 parts shellac, 
with 1 part of wax, and 1 of pitch; 5 shellac with 1 wax, or 5 to 10 
shellac and 1 pitch would probably answer as well. The mixture given 
above certainly furnishes a mass which is not brittle, and very electrical. 

The materials should be melted in a shallow earthen pot or a brazen 
pan, and the more fusible ingredients melted first over a gentle equable 
heat : the shellac may then be added in successive portions, increasing the 
heat gradually and stirring constantly, waiting until each portion of shellac 
has become at least pasty before adding more. By exposing the shellac 
to the heat too suddenly, it assumes an almost infusible condition. 

Before filling the mould it should be slightly warmed, so that the mass 
may not cool too rapidly, and set level. It must be filled to the brim. 
It is not easy to prevent the formation of bubbles on the surface, but 
they occur mostly around the edge, and may be removed by holding a red- 
hot iron over them and melting them down, so that the projection disap- 
pears and they form only shallow cavities with a rounded margin. Such 
spots do no other injury than diminishing the surface of the electrophorus. 
lastead of melting down the bubbles, they may be pared off with a sharp 

tool. 
Such an electrophorus soon becomes cracked, on account of the unequal 
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expansion of the form and the resin : those made of wood crack in the 
direction of the fibers of the wood ; the tin ones, in every direcdoo. So 
long as the cracks are not too nameroos they do not render the instm- 
ment worthless, thongh they impair its efifect When its action becomes 
too feeble, it mnst be melted over again, which may be done by passing a 
mass of red-hot iron over it, within an inch of the snr&ce. A plowshare 
answers the purpose very well; or a piece of sheet iron larger than the 
form may be held about an inch above it, and coals heaped npon it 
Care must be taken not to soil the surface with ashes. Bubbles often 
form during the fusion, and must be removed as before directed. 

These difficulties may be avoided by having the cake of resin free, and 
without a case ; when in use it may be laid on a smooth board coated 
with tin-foU. The mould for such a cake may be made of paper. Both 
sides of the cake are afterwards to be ground smooth with sand and water 
on a stone or plate of glass, using very fine sand at last It may be 
polished with a strip of felt tacked to a board, and Tripoli and water ; but 
this is not necessary. The edges may be rounded with a knife and file. 
The bubbles may be ground away, but this is superfluous labor; turn the 
cleaner side, which was beneath in casting, above for use. The sur&ee 
of the resin need be perfectly even and highly polished only when the 
electrophorus is required to retain its electricity for weeks together even 
when covered. 

Such an electrophorus should be kept lying horizontally on a board, 
otherwise it may bend by its own weight in the heat of summer. 

Outta-percha has not kept its reputation as a material for the electro- 
phorus long : it becomes crumbly ; gutta-percha paper falls to rags, and 
an electrophorus made of it furnishes from the outset less and less electri- 
city continually, and may under certain circumstances even yield positive 
electricity. 

In respect to the size of the electrophorus one must be moderate. Its 
effect is always feeble, and especially so in charging a jar, even when its 
striking distance is considerable. An electrophorus 10 to 15 inches in 
diameter, will answer any reasonable demands. One with a 2-inch plate 
will yield sparks ^ an inch in length. 

The cover of the electrophorus should be 2 to 4 inches less in diameter 
than the cake of resin. It is made either of a smooth plate of metal 
(zinc is the cheapest) with an upturned rim soldered on, or of a disk of 
well-seasoned wood, ^ an inch thick, well-rounded at the edges, and 
coated with tin-foiL The simplest insulating handle is three silken cords. 

The electrophorus is excited by beating it with a foxtail, or a catakin 
held by the four paws and made to glide over the cake at every stroke. 



PHYSICAL EXPERIMENTATION. 305 

Id wiDter the electrophoms mast be warmed before any electricity can 
be obtained from it When the cake gives little sparks to the knuckle, 
it is sofficiently electrical In laying on or removing the cover, it most be 
held parallel to the cake, and shoold be touched with the finger after 
laying it on, upon which it will emit a small spark. By touching the 
cover and case with the thumb and finger at the same time a shock will 
be felt» and this takes place also when the case is touched with one finger 
and the raised cover with the other. 

The electrical condition of the cover may be ascertained by placing the 
electroscope of the upper plate, fig. 499, upon it, and making a trial with 
a stick of sealing-wax. To test the electricity of the case, it may be insu- 
lated. It may be done more readily, however, with the gold-leaf electro- 
meter, fig. 452, by screwing on the plate of the condenser instead of the 
npper knob, and laying on it a cake of resin a little larger than the plate. 
If this cake be struck gently with a small piece of catskin, the gold leaves 
win diverge, and the quality of the electricity may be ascertained by 
bringing a stick of sealing-wax near the lower knob, which is connected 
with the bent wire. The second condenser plate may be used as the 
cover of the electrophoms. If the plate be touched, the gold leaves fall 
together, but they diverge again when the resin cake is taken ofif, or the 
cover laid on. If the cover be laid on without touching the plate, the 
leaves will fall The electrical condition of the second plate, used as a 
cover, may be investigated by imparting electricity from it, by means of the 
trial plate, fig. 461, to a second electrometer, or connecting it with this 
by an insulated wire. Bohnenberger's electrometer is the best one for 
this purpose. 

Although an electrophoms may easily be made to give sparks an inch 
long fh>m its cover, the quantity is always small, and the charging of even 
small jars proceeds very slowly with it. The fundamental phenomena of 
electricity may, nevertheless, be all shown with this cheap apparatus. The 
electrical chime may be set in motion by holding the knob of the charged 
jar against it To charge a jar with negative electricity, it must be held 
by the knob, as already explained in § 267. 

[2T0] Liohtenberg'S figures. — These are produced in the follow- 
ing simple manner: Describe any figure upon a cake of resin, with the 
knob of a positively, or moderately negatively charged jar, held by the 
outer coating; dust semen lycopodii over it from a gauze bag, and blow 
away with a &n, or the breath, what does not adhere. The figures are 
very permanent; they show themselves again after the surface has been 
freed from all dust, and dusted over again. Flowers of sulphur may 
be used instead of lycopodium; both attach themselves equally to positive 

20 
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and negatiTe figures. If red-lead be strewed over the sarfnce, a positive 
Ggnre 011I7 becomes visible by wiping the dust off it ; it theo shows black od 
a red groDQd. If positive and negative figures be drawn on the eame snr- 
fece, and red-lead and flowers of salpbnr strewed bver it at the same time, 
the latter sticks chiefly to the positive fignres, and the former to tlie negative. 



Fig. 528. 



Tliis ezperiment does not succeed 
well on an old, long^nsed Bnrftce; 
it most be melted over, at lesst 
superficially. To make small figures, 
it is best to melt the rerin on a sheet 
of tin, upon which it can qnickly be 
nmelted after eacli experiment 
The moss need not be over ^ a line 
thick, and impnre resin answers bei^ 
being less brittle, bnt the experiment 
will succeed with any resin. 

[211] The condenser.— This 
indispensable instniment is attached 
immediately to an electrometer. F(ff 
the sake of convenience, the lower 
plate shoald be capable of brii^ 
screwed on any of the various elec- 
trometers, instead of the knob, fig. 
&2S. Take for this purpose braa 
plates, about a line in thickness and 
2 inches in diameter. It is very 
uaadvisable to make the plates only 
an inch in diameter, as is commonly 
the case in those parehased in the 
shops, since the effect increases in 
much greater ratio thon the snrface. 
In galvanic experiments, smaller 
plates will also be needed. On one 
plate solder a braaa socket to receive 
a glass rod, 3 to 1 inches long ; on 
the other solder a small plate, in 
which a female screw is cut to fit 
the thread of all the electrometers. 
Fig. 529 shows this plate and the 
stem of the electrometer. Turn off 
the plates smooth and grind them on a piece of plate glass with emeiy; 
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polish them finally with fine pnmice powder and water on the lathe, to 
giTe them a metallic Inster and circular streak. The edge mast also be 
roanded on the lathe. When the plates are too thin, they are very hard 
to grind even, because the outer edge bends up continually ; such plates 
should be supported during the grinding and turning by cementing them 
to a block of wood of the same size, which will serve also as a handle in 
grinding. 

Especial care must be bestowed on varnishing the plates. A coat of 
moderate thickness, which is generally sufficient, may be applied on the 
lathe. When a thicker coating is required, it is better not to warm the 
plates previously, for it is very difficult to lay a coat of varnish evenly on 
a heated surface : lay the plates level and brush them over with a toler- 
ably concentrated solution of shellac, which has, in this way, time to spread 
itself uniformly over the surface of the plate. The varnish becomes 
glossy when dry. A second coat may be applied in the same way, with- 
out disturbing the first A piece of fine sponge is more suitable for 
varnishing than a brush. The varnish on the plates of the condenser 
most never be too thin. 

If the edges and upper surface be Mg, 530. 

varnished, it should be done previously, 
and the varnish applied warm. A 
conducting wire with a rounded end 
musty in this case, be screwed into the 
edge of the plate and left unvarnished, 
fig. 530. It is convenient to have such 
wires on both plates ; they need not be 

more than 1 or 2 millimeters thick. They are desirable because their 
^ds can easily be cleaned with a file, which is not so easy with the plates, 
which are soon soiled by contact with the fingers, often purposely wet, 
and both their appearance and effect is injured thereby. On the other 
hand, the wires have the disadvantage that they are in the way and apt 
to cause a displacement of the plates. A good condenser should retain 
a weak charge at least 12 hours in good weather. 

Condenser plates of copper and zinc are needed in galvanic experiments; 
it may therefore be as well at once to make one plate of copper and the 
other of zinc, and to make the rods also of the same material, as it is 
immaterial in other experiments what kind of metal is used. In this 
case, however, both plates must have female screws. The handle is made 
of a glass tube sealed at one end; a wire furnished with a screw is 
cemented into the other. The whole tube should be filled with bits of 
sealing-wax and heated over a lamp so as to coat the inside entirely. 
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The upper plate most always be held parallel to the lower one in lifting 
it off. 

In charging one plate, the other mast always be touched with a con- 
ductor. Other precautions will be mentioned when describing experiments 
on galvanism. 

When the yarnish of a condenser once becomes electrical, it often 
remains in this condition for days together, and causes annoying errors. 
The speediest remedy is to pass the plate a few times through the flame 
of a spirit-lamp. If this does not remedy it, and the condenser is to be 
used at once, the varnish must be washed off with alcohol, and freshly 
applied : the electrical condition disappears of itself after awhile. It 
will be seen whether the condenser has any charge, by noticing whether the 
leaves diverge when the cover is touched with a conductor and then lifted 
off. In using the condenser, never fail to test it in this way. 

In experimenting with very feeble electricity, it is often necessary to use 
two condensers, in the following way : the first is charged from the source 
of electricity, the plates separated, and the upper or under plate of the 
second electrometer touched with the upper plate of the second, and this 
process repeated from 6 to 10 times. Any less delicate electrometer may 
be used as a stand for the first condenser. The old instruments called 
duplicators are no longer used. 

(c.) EXPEBIMENTS ON ELECTBICAL LIGHT, AHD ELECTBI- 

CITY B7 HEAT AHD FEESSUBE. 



[272] Experiments in the dark.— (l) The lightning tube. Take 
a glass tube, i to 1 inch in diameter, fit it at one end with a wooden plug 
with a hemispherical head covered with tin-foil, and beginning at this 
paste little diamond-shaped bits of foil, with the points about 1 millimeter 
apart, in a spiral down the tube, fig. 531. This tube is taken in the hand, 
and held near enough to the conductor to draw copious sparks, which are 
repeated at every interruption in the spiral. To prevent the bits of tin- 
foil from scaling off, the tube may be set inside of another to which the 
knob and handle are fitted. 

(2) Illuminated figures. Fix a knob of wood, covered with tin-foil, 
to the edge of a pane of glass by sticking the glass in an incision in the 
wood, and from this as a starting-point describe any figure by pasting on 
bits of tin-foil as already described. The portions not designed to be illu- 
minated are made with strips of foil. A larger strip leads to the opposite 
edge of the glass where it is held in the hand. As the spark overleaps a 
considerable space on the plate, the lines of the figure or name must be 
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dnwn «t some diBtasoa apart, and part of the drcait mado on the other 
tide of the glass. The dark-shaded parts in fig. 682 are made on the other 
side of the glass. 

Fig 6S1 ^** *''** * ^^^ "' ^'"^ *"* ^^ Pig- 532. 

VL ' stdes with tin-foil, to within 2 inches 

C I of the edge, and blacken one coating 

with indian-ink. Cnt this coating, 

when qoite dry, into little lozeoge- 

shaped ^ecea, bj cntting out tbtj 

narrow strips of the foil. Make the 

cntB with a sharp knife and a raler, 

and peel off the strips. In the middle 

of the glass, on the same side, cement 

a little disk of tin with a ring in it. Lay the pane on the table, 

and connect the conductor of the machiDe with die ring, and 

the nncnt coating with the discharger. While the plate is 

being charged, zigzag flashes of light will dart over the cnt 

snr&ce, and when the dischai^^ is bronght near the conductor 

and the apparatus discharged, the whole anrface wDI be covered 

5 with flashes of light going in a zigzi^ direction toward the 
ring. 
The pane of glass Is osnally set in a dall-black wooden frame, 
and the nncoated margin corered with black paper. A. strip 
of tin-foil pasted to the back coating connects it with a hook driven into 
the edge of the frame, to which a chiun may be fastened. 

(4) BrvtJtes of light. To observe the bmsh of light from Uie positive, 
or the stars from the negative condnctcr, it mnst end in a small ball, 3 or 
8 lines in diameter, near which the hand or an even metallic surface is 
lield. Wires with ronnded ends, snccessirely less in diameter, may be need 
instead of the balL The bmsh may also be obtuued, with some modifi- 
eatioD, by holding the little ball or the rounded wires in the hand near 
the cMtdootor. These phenomena are only exhibited by machines of con- 
siderable power, and the less the striking distance, the smaller mnst be 
the wire ased. 

(5) Experimenla in vacuo. The nmplest experiment of this kind is 
made with the tube described for the guinea and feather experiment, § 102 
(8S.) The experimenter has only to hold it in the band, and allow sparks 
to pau to It from the conductor; they fill the whole tnbe with a bluish 
light With feeble macbhies, the tnbe mnst be grasped near to the end 
next the conductor; the light of course only reaches to the hand. 

The e^ieriment may be varied, by laying on the plate of the air-pump 
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Fig. 6St. 

n 



(when of glass) a metalUo plata connected with the bod; of the air-pomp, 
vid coTeriog it wIUi a bell-glasa provided with a statDng-box. Yarioiu 
devices, BQch as stars, balls, etc., may be screwed to the rod of the latter, to 
Terjr the fonn of the light which streams through Uie belL In making thia 
experinient, the experimenter must be sore that the bell<glass does not 
condact electricity; and with this view warm It before use and mb it 
Pig, 633. dry with blotting-paper. A 

glass vase, sncb as is shown 
in Sg. 533, makes a very 
beantifnl experiment 

A double barometer, con- 
Btmcted as in fig. 534, may 
be made lominons, by con- 
necting one cnp with the 
conductor and the other vitk 
the ground. 

(6) Ifa piece of flnorspti 
be placed between the rods 
of Henley's discharger, and 
a vigorous shock passed 
through it, a feebly Inmin- 
ons streak will be visible on 
the Quor spar, but it disap- 
pears in a few secoads. A 
piece of white sugar, ^ to 1 
inch in diauieter, will show a 
similar appearance. An 
orange may also be made 
feebly InminouB between the 
points of the discharger. 

[273] Electricity of 
tourmalin.— The electri- 
cal properties of tourmalin 
may be eshibited very easily, 
by hanging a piece, about an inch long, (which may, however, be very 
thin,) by a silk string, and then warming it by holding a piece of sheet 
iron ^ to J an inch below it, and beating the iron with a spirit-lamp. 
The kind of electricity may be tested with a stick of sealing-wax, mbl>ed 
on one end. The electrical condition is ofteu less evident during the 
warming, on account of the ascending current of air ; but during the cool- 
ing it is always very marked and distinct: the effect of the sealing-wax is 
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felt at a considerable distance. Many other crystals become electrical 
by warmiDg, bat none of them show the property so easily as tourmalin. 

[274] Eleotrioity of calcareous spar. — Calc spar be- 
comes positiyely electrical by being pressed, for a few seconds, between 
the fingers, and retains its electricity a 
long time. This is shown most easily ^' ^^^* 

by bending a narrow strip of tin like ^^ t^ 

a b c, fig. 535, and making a little de- « 

pression at b with a pnnch. At a 

cement a thread of shellac about the 1 

thickness of fine twine; on the end of 

the shellac cement a fragment of calcareous spar with wax, and set the 

apparatus on the little pivot, fig. 535. It may be balanced by a little 

wax at e. Press the spar between the fingers before setting it on the 

needle : it will be briskly repelled by an excited glass rod. Some other 

erystals exhibit the same phenomenon. 



(d) EXFEBIMEirTS GIT OALYAKISM, (CONTACT ELECTEICITT,) 
AVD THE ACTIOir OF THE OALYAKIC PILE. 

[2T5] The frog experiment. — Take a llying frog, stun him by 
a blow upon the head, cut him in two in the middle Arith a pair of shears 
or a sharp knife, remove the entrails from the hinder portion, and strip 
off the skin : the nerres which issue from the lower end of the spinal column 
can then be seen very distinctly, and must be dissected clean from the 
tnrrounding cellular tissue with a sharp knife. Thrust a strip of clean 
brass-foil under the nerves, and lay the preparation on a glass plate. 
Mnscular twitchings ensue whenever the brass plate and the muscles of 
the leg are touched with a bent iron wire, or a strip of zinc. The prep- 
aration may also be hung up by a silk string, and a brass hook thrust 
under the nerves. 

[2T6] The fundamental experiments.— For these experi- 
ments, a plate of copper and another of zinc are needed, and one of 
copper and zinc soldered together. The first pair of plates must be made 
of metal about 1 line in thickness. Zinc plate of this thickness is not 
usually sold in the shops ; it must be ordered specially ; it is so often 
necessary for the construction of galvanic apparatus, that it will be well 
to have a few square feet of it on hand. It is convenient to have these 
plates of the same diameter as the plates of the condenser; they may then 
be used as top plates for the condenser when the other plate is well 
▼amished. They ought in this case to have a socket soldered with tin to 
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the back, in which a female screw is cat with the same thread which all the 
electrometers have, fig. 536. They must have insnlatiog handles; bnt if 

FUj, 536. ^^7 ^® ^^^ ^ ^ screwed on the ekctrometers, 

simple sticks of sealing-wax melted on to the 
hot plate will answer the purpose. It wonld 
be neater, however, to solder to the back brass 
sockets, and cement into them glass tabes closed at one end, fig. 53T. 
If thej are arranged for screwing on, the tube should have a brass wire 

cemented into it with a screw to fit 
Fig. 587. Fig. 538. the plate, or the glass tube may be 

cemented into a cap on which the 
screw is cut, as in fig. 538. The 
edges of the plates must be well 
rounded, and one surface made even 
with a file and straight-edge, and 
then ground on plate glass. The 
I m soldering on the back must be done 
T I before the grinding, as it mightcause 
the plates to warp; for the same 
reason it is well to cement them to 
a block of wood while grinding. 
The back is finally cleaned and 
varnished. Zinc is easily worked 
on the lathe, but an even surface can 
be given to copper only with a file moistened with oil, or with a tool 
fixed in a rest The ground side and the edge must have a clean 
metallic surface when used. Without these precautions, the fundamental 
experiments are very likely to fail, because the contact surfaces are either 
not even or not clean. The surface may always be cleaned by strewing 
finely powdered pumice on clean paper resting on an even surface, and 
rubbing the plates upon this. The adherent powder is removed with a 
feather. The surfaces become soiled, even when the plates are kept wrapped 
up in paper, and it is, therefore, advisable to clean them as directed, each 
time before using them. When in use, they must on no account be rubbed 
together, because the copper plate immediately becomes contaminated 
with zinc, which disturbs their action. When the apparatus is brought 
into a room already occupied for some time by a numerous audience, 
especially in winter, these experiments, as well as all experiments with 
condensers, are apt to fail, and attention must be paid to this fact 

The compound plate of zinc and copper is made in the shape of fig. 
539 ; part of the edge must be cleaned with a file or scraper before using it 
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The experiments admit of many modifications, of which only the most 
important can be described. 

(1) Lay the insulated zhic and copper plates Fig. 539. 
together, and separate them again, keeping them 
paralleL Bring one of them in contact with the 
tower plate of the condenser, while the finger 
Is held on the coyer, discharge the other plate 

also by touching it, and lay the two together again, etc. At each sepa- 
ration, an adhesion will be felt if the plates are good. After from 5 to 
SO repetitions of this process, remove the cover of the condenser, and the 
electrometer will show the electricity communicated to it. To prevent 
deception by the electricity of the human body, a conducting wire of the 
same metal may be attached to the wire projecting from the cover, fig. 530, 
and pushed off with a glass rod when the electrometer is charged. If the 
condenser be touched with the copper plate, the former may be made of 
brass; but for contact with the zinc plate, the base of the condenser must 
also be of zinc. As it is more convenient to change the cover than the 
base, the cover may be made of zinc, and the electricity of the zinc plate 
communicated to it ; but in this case the electrometer indicates the con- 
trary electricity on raising the cover. 

With plates of 2 inches diameter and upwards, and a gold-leaf electro- 
meter, no condenser is needed ; the gold leaves diverge more and more 
perceptibly when the contact is repeated a few times. This is especially 
easy with Andriessen's electrometer, fig. 454, by touching the knob con- 
nected with the gold leaves with one plate, and that connected with the 
curved wire with the other. With a delicate Bohnenberger's electro- 
meter a single contact is sufficient The same is true with Dellmann'b 
electrometer, fig. 455. This leads to the second mode of making the 
experiment When the condenser itself is made of zinc and copper plates, 
touch the base and the cover each with the like metal, and repeat this 
several times without touching either the condenser or the exciting plates 
with the fingers. This experiment gives the most decided results, and 
succeeds, though less certainly, even when the condenser is of brass. 

(2) Screw one of the plates on the condenser and lay the other upon 
it Whenever the upper plate is raised by the insulated handle, the 
electrometer will indicate the electricity of the lower plate. This experi- 
ment serves at the same time to show the condition of the electricity 
during the contact: it requires plates at least 2 to 3 inches in dianieter. 

This experiment requires a very sensitive electrometer, and will hardly 
succeed with a simple gold-leaf electrometer ; whereas the former experi- 
ment is easier, because a double condensation occurs, and gives surer and 
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more decided results. By using the gold-leaf electrometer with the m- 
duction wire, fig. 453, and imparting electricity to the latter, so that the 
gold leaves diverge from induced electricity, and then, after touching the 
zinc plate screwed to it, laying on the copper plate and removing it, the 
increased or diminished divergence of the gold leaves will indicate the 
electricity. With Dellmann's electrometer, electricity is first imparted to 
the conductor after the two plates are set on, so that the needle is repelled 
but little. By removing one plate the repulsion will be increased or 
diminished, according to the kind of electricity imparted and the plate 
which is screwed on. A delicate electrometer, with Zamboni's pile, is the 
simplest of all for the purpose ; it is only necessary to screw on one plate 
and make the experiment without further preparation. 

(3) Touch the brass part of the condenser with a piece of brass or 
copper held in the hand, or touch the zinc part of the condenser with a 
piece of zinc in the same way, while the other plate is touched with the 
finger. If the condenser was perfectly neutral before, it will show no 
electricity after this contact. But touch the brass part of the condenser 
with zinc, or the zinc part with brass or copper, and electricity will be 
manifested. For this also a very delicate electrometer ; is required, and 
disturbances may be caused by contact with the fingers. 

(4) Touch either the base or the top of the condenser with one end of 
the compound plate, fig. 539, holding the other end in one hand and 
touching the condenser with the other hand. The end held in the hand 
must be of different metal from the part of the condenser touched with the 
other end. The contact need not be continued long, but the surfaces in 
contact must be clean. As only a single condensation takes place, the 
effect is less in this experiment than in No. 1, and about like No. 2 and 
No. 3. To produce a stronger action, two condensers must be used. (See 
"Condensers.") 

(5) The two plates used for the second experiment will also serve for 
some experiments with fluids, by laying between them a broad, very thin 
plate of glass, and spreading the fluid over the surface of this, or moisten- 
ing with it a disk of paper laid on the glass, just the size of the lower 
plate. If the lower plate is of zinc, connect it with the fluid for a few 
moments by a strip of zinc bent into proper shape, which must be scraped 
clean each time, and can be opened and shut like a clamp, by means of 
two sealing-wax handles; lift the glass by its projecting edge, and the 
electrometer will show the negative electricity of the zinc, if the liquid 
was acidulated or pure water. This experiment is snrer by using two 
condensers, and charging the second with the first, as already described. 
The second condenser may be of brass. 
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It shonld be nmarked finally, that all these experiments |^vo certala 
results oulj in &ronble, drj weather ; a condition which applies equally 
to all eiperimenta on electrical tension, especially when dealing with very 
feeble electricity, as in this case. 

[SIT] To show that electricity is liberated likewise by contact between 
liquids and metals, the chemical and m^- 
netic effects of the galvanic cnrrent may be '' 

employed in anticipation of their foil illns- ""^ 

tratioo. The experiment is made by mixing 
dilnte nitric acid hi a tnmbler with a little 
nlphnrio acid, and placing in it an amalga- 
mated xinc plate bent orer above, with a 
folded blotting-paper soaked in solation of 
iodide of potassinm laid on the bead. Dip 
a platina plate, with a platina wire soldered 
to H, into the liqoid, and bend the wire over 
■gainst the paper, as in fig. 640 : a brown 
spot will immediately appear on the paper 
in eonseqnence of the separation of iodine from the compoand. Pass the 
cnrrent from the platina previously throngh a galvanometer ; the electrical 
enmnt will be indicated at the instant of contact with the paper by a 
corresponding deflection of the needle. 

[SISj The galvanic pile. — For actual ase the form of the pile In 
galvanic apparatus is long ago obsolete ; it is, however, a standing article 
fai all text-books, and valuable both from theoretical and historical con- 
rideratiODS, and therefore indispensable in all collections of physical appa- 
tatos. This is the more true, becaose other more powerful arrangements 
hare not nsoally so many elements, so that they exhibit the phenomena 
of tendon In a less marked manner than the pile. For this reason, how- 
ever, small plates may be chosen in procuring a pile, and the number of 
pairs not exceed 50 to 100. 

The single plates are cut out of sheet copper, about 1 millimeter thick, 
hammefecl flat, and rounded accurately with a file ; and the same with the 
tine plat«s. The latter mnst, however, be made of metal about 1 line 
thick, becanse they wear out faster than the copper plates, both by the 
action of the pile and by flreqnent cleaning. Zinc plate of this thickness 
cannot, however, be cut easily with the shears. The best plan is, to 
diride the sheet of zinc into squares, about a line longer on the side than 
the required diameter of the plates. Scratch in the divisiou lines deeply 
with a steel tool, (made of a worn-out file of good stuff.) Then lay a 
drop of mercury on the beginning of one of the lines, and draw a sharp- 
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pointed stick, dipped in muriatic acid, slowly along the line : the mereniy 
will amalgamate the zinc along the track of the stick, so that it will break 
easilj in liiis line. This process is convenient for cutting thick zinc plate 
for any purpose. The further rounding of the plates is easily effected 
with a coarse, deep-cut file, after cutting off the comers with a chiseL 

The copper and zinc plates must now be soldered in pairs, which, 
besides increasing the action, saves nearly half the labor in cleaning them. 
They must, however, be soldered over the whole surfiice, and not merely 
around the edges. For this purpose, clean the plates on one side with 
the file and scraper, strew them with powdered rosin, or moisten them 
with sal ammoniac, or the soldering liquid, (§ 42,) then heat them, 
and when a piece of soft solder melts on them, distribute it over the 
surface with a soldering iron. From 3 to 6 such plates may be heated 
at once on a piece of sheet iron, but the copper plates must be heated 
separately, as they require more heat than the zinc When all the 
plates are tinned in this way, strew a little rosin over their surfaces, and 
hold each pur successively in a small pair of smith's tongs over the fire 
until the solder melts, which takes place very soon, and press them 
together, to squeeze out the excess of solder; clean the edges of the plate 
finally with a file. 

Short copper wires should be soldered to several of the couples, or 
projecting ears left on some of the plates, for the purpose of attaching 
conducting wires. These couples should be distributed at proper inter- 
vals in the pile. 

The moist conductors may be disks of woolen cloth or pasteboard, about 
2 lines less in diameter than the plates, saturated with a solution of 
sal ammoniac or salt, or sulphuric acid diluted to ^2^;. Pasteboard has the 
advantage of not being so compressible as cloth, and can, for this reason, 
be kept moister, the liquid not being pressed out by the weight of the 
plates. The liquid must never be allowed to trickle down the pile, and 
whenever it is seen to do so it should be wiped off with blotting-paper. 
The disks, after they are saturated with liquid, (which for pasteboard 
requires about an hour,) must be squeezed out, so that the pressure of the 
plates above will not press out any more liquid; the upper disks can 
be made wetter than the lower ones. 

Cloth disks may be cut with the scissors by a tin pattern. Pasteboard 
becomes so tender, after repeated use with acids, as to fall to pieces ; it is 
well, therefore, to have a punch with which to cut the disks. Pasteboard 
must be selected which is easily penetrated by the liquid. 

The pile may be built up in a Ihtme like fig. 541, in which three rods 
B B B Ave fastened upright in the block A, at such a distance from each 
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other 08 just to Indoee the plfttea. A. bBrometer tube is half sank in a 
groove on the inside of each rod, and fastened with sealing-inis, so that 



Fig. 641. 



the platM trill not come in contact with 
the wood. The rods are connected above 
bj tho block 0, and futnned witik 
wooden pina. A wooden screw D works 
through this block, bj which a moderate 
preesnre can be applied to the pile. 

ir ons is not disposed to incur the ex- 
pense of Eoch a stand, a simple snbstitnte 
maj be made bj cementing three barom- 
eter tabes at proper distances, into anj 
block of wood ; these tnbes may be held 
together above b; a triangle of brass 
riie, like fig. 543. A half-ponnd weight 
maybe used to press down the npper plate. 

In building op the pile, lajr tot a 
couple of glass plates, or a disk of seal- 
lag-wax, on the base ^^ so as to make a 
fonndatioa about i inch thick, and on 
ihls laj one of the pole-pairs. The 
doths must be squeezed out bj hand to 
the requisite degree, which is soon learned 
b; experience, and the plates laid on bj 
lome one with dry bands. The series is 
terminated bj another of the pairs with 
coupling wires, and a disk of glass or 
■ealing-wax laid over alL 

The pile should be taken down imme- 
£ately after use, the pasteboards lud 
out to dry, and the plates lud in water 
preparatory to cleaning them. To facili- 
tate the cleansing, drive three pegs into 
a board in a triangular podtion, so as to 
hold the plates fast between them with- 
out projecting above. Scrub each plate 
with a bit of wood and fine sand, and 
lay it In water until all are ready ; then 
wipe them perfectly dry. Pile up the 
clean plates in the ftame, laying copper on copper and zinc on zinc, which 
will prevent rusting. Keep the diy pasteboards by themselves. 
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Besides the shocks given by the pile, the decompoflition of water and ite 
magDetic effects shoald be BhovD. 

[S79] Binding screws and mercnry cnps.— The electricity 

of the galvanic battery beiog of feeble iDtensity, mere contact is not 
safficient to establish a commDnicaUon between the conductors, aa with 
fHctioDal electricity. A more intimate connection is produced by dipping 
the ends of the coudactors in little cnps containing mercnry, or pressing 
them together by binding screws. 

Mercnry cnps may be made by simply boring in a little block of wood, 
with a center-bit, a hole ^ an inch deep and wide. It may be varnished 
Internally with sealing-wax, bnt it is not necessary. It is well to have in 
the bottom of the cnp two small holes, in which to insert the ends of the 
wires, or little books in the side to which they can be fastened. Common 
iron thimbles set in wood answer better, especially when there ere several 
cnps in the game board. Each cap can then be taken oat separately and 
emptied, thns avoiding a loss of mercnry. This direct loss of mercnry 
and the deterioration cansed by the solntion of the metals dipped into i^ 
make mercury cups, at the present price of mercnry, dearer than binding 
screws. The latter have the farther advantage of allowing the whole to 
be moved wlthont disconnecting the conductors, and not requiring the 
ends of the wires to be amalgamated. The amalgamation is effected by 
dipping the metal into nitric or snlphnric acid and then into mercnry, and 
robbing it over the surface. 

Binding screws are always preferable, except where a sudden interrup- 
tion and renewal of the contact is required, or where the parts mast have 
a motion independent of each other. 

Besides the binding screws which are attached to the various pieces of 
apparatus, a supply of separate ones must be on hand, whose shape 
depends on the special use for which they are required, whether to con- 
nect piste with plate, plate with wire, or wires with each other. The 
screws should be thick and well made, with a moderately close, deep 
Fig. 544. thread. Their constmction has already 
been described in g 38. 

To connect plates or ribbons, simple iron 
Fi<!. 543. r^9B screws, of the form and size represented in 

fig. 543, are used. To connect plates with 
wires, they must have the form shown in 
6g. 544; the screw a holds the plate, and 
b the wire which is thrust through one of 
the holes c, bored at right angles to each 
other. The holes must be large eoongh 
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to admit stont wires, and the hole for tlie screw must not be cnt 

deeper than their npper edge. When the hole extends lower, thin wires 

ue forced into it and bent, and finally broken pig_ 545. pig, 543, 

olt Wires ma; be connected by binding screws 

like fig. 645; bnt the almpler form, represented 

in sedion and in natnrat size in fig. 546, is 

BolBciflDt for all purposes. NSrremberg's wire 

clamps, Bgs. 547 and 548, are simpler still 

They are made of bright hard-drawn wire, 1^ 

to 2 millimeters thick; rilvered copper wire is 

best 

KndiDg screws designed to romun permanently on an apparatus are 
oftea made In the form of fig. 549. The wire from the apparatog is bent 
Fig. 548. 




I\g. 54t. 



/ 



/ 




Fig. 549. 



into an ear and hammered flat, and screwed in either atab or c d, the 
wire from the electrometer being secnred by the screw/ To save room, 
the wire and the nnt e may bo let into the 
wood, in which case it is made in the form of 
fig. 550. The ends of the wires pig, 550. 
shonld be cleaned with a file or j.^~». 
scraper; the screws must be al- ^^^^ 
ways tnrned very tight, especially ^^^P* 
with brass wires. The effect of 
the tight pressure becomes evident when the 
electrometers are inserted. For this reason, 
the heads of the screws should not be made 
too small. 

[280] Batteries.— Qalvanic piles being 
very difficult to nse, other more convenient 
arrangements have been snbstitnted for them. 
Those of most common use are modifications of Yolta's caps. The 
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simpleBt mode of smnging tbem, is to cast balls of eiac on copper wires, 
ID a bullet mould, then bend the wires as shown in Kg. 561, and place 
them in common tamblers, so that the elastjcitf of the wire will hold each 
pair of glasses together. The tnmblera are partly filled with the nsaal 
F^. 551. 

Fig. 552. 




lO 




exciting liquid, water acidnlated with ^ to i^q part Bnlpharic, and ,'g to 
^ of nitric acid. Twenty or thirty pairs are anfficient to give shocks. 
Fig. 552 shows the arrangement of the apparatus. A simple copper 
wire forms the positive pole. To determine which is the podtiTe pole in 
anypile>Iike ansngement, we have only to consider the complete conplee; 
it is always on the zinc side, as In the pile. Wollaston's modification of 
this apparatus is mach more convenient when greater quantity is required. 
To construct Wollaston's apparatus, cut plates of copper, ^ to 1 milli* 
meter thick, like Sg. 663, with 12 to 15 square inches surface. Two 
Fig. 55i. 



strips c are left to connect each pair of plates. A narrow strip d d, of 
somewhat thicker copper, is soldered with tin to one of these. The zino 
poles a a are made of the same size but somewhat thicker. The stripa 
d d are made all of the same length, and a zinc plate soldered to one end 
of each ; one copper plate is left uncoupled, and likewise a zinc plate. 
Each pair is then beut as shown in fig. 554, and the sine plate of the 
succeediug pair lud between the two. 

The zinc is separated from the copper by blocks of wood, represented 
In natural size, fig. 565, which are pnshed under the lower edge. Two 
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flimilftr blocks an Itii above, and the copper plates tied over these by 

wires iaserted through the holes e e e e. Fig. 556 represents one of 
these elements. 

Fig. 66*. Fig. 656. 




Alter thns combining the plates, each pair is fastened with wooden 
newB throngb the atrip a 6 to a bar of oak, about 1 inch square, as 
represent«d in fig. 557. It is evident that the length of the strips a b 
mtiat depend on the siie of the glasses. The apparatas woold be more 
compact if the glasses were square, and only about 1^ iochcs wide. Ten 
Fig. 557. 




or twelve p^rs are fostened to one bar, and the copper strip of the first 
copper plate and the last zinc plate throBt through the bar, so that con- 
dsetiog wirei eta be more couvenieutlj' attached to them. 
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The g1a«seB are placed on a wooden stand, so that all the plates maj 
be lifted at the same time and BappOrt«d above the glBsaes. Fig. 657 
represents an arrangement of fire cells. 

Bf connecting the first copper of one such series with the last zinc of 
another, we obtain a battery of as man; pairs as there are cells; by com' 
bining the nncoapled copper plates of each series, and likewise the 
nnconpled zinc plates, we produce the same effect as with a single series 
of plates of twice the size. 

The advantage of this arrangement is, that the plates caa be at ODce 
removed from the liqnid when not in use, aai thus avoid the waste of 
zinc; and as they are all immersed aimaltaneoasly, the first action, which 
is the most powerfal, is not lost The power of snclt a battery remains 
tolerably constant after the first violent action is over. The plates sboold 
Fig. 558. 

I 




be washed off with water after being used; if any further cleaodng is 
necessary, the apparatus mast be taken apart. 
A trough of well-glazed earthenware, divided into cells, may be nbtti 
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tnted foF tbe sepente glosses. A battery of 6 to 12 pairs is made very 
compact, and needs no stand ; it is always ready for nse, iii easily cleaned, 
and will lost for many years. 

Mnancb bos contrired a very good apparatas for constant nse, which 
resembles in some respects Wollaston's, and in others Faraday's arrange- 
ment. It is represented in Sg. 558, and consists of 6 copper and 4 
rinc plates, set in separate grooves in two wooden frames, made to slide 
Dp and down on a rod. Tbe plates dip into two glasses, in which they 
can be immersed to any depth reqnired. The form of tbe plates is sboivn 
in fig. 559, and eacb, with tbe exception of one zinc plate, bas a strip of 
copper soldered to it, to which binding screws may be attached. Fig. 560 
Fig. 559. Fig. 560. 



I 




zkI z I 



Each 



shows the arrangement of the plates, the poles being at a and I 
piste may be taken out separately and cleaned or amalgamated. 

[281] Hare's calorimoter. — This apparatus, even with a sarface 
of only 1 or 2 sqnare feet, gives a very powerful current for a short time. 
Its comparative cheapness and convenience are great recommendations. 
It need only be placed in the tub to produce a powerfal current, and is 
easily cleaned by pouring water through it, 

A large glass jar is sufGcient to contain an apparatus of moderate 
dimensions, which is constructed as follows: The plates of zine and 
copper, which are about the same thickneBS as for Wollaston's elements, 
are made as wide as the depth of the jar will admit, and 3 feet long, for a 
TSEsel 4 inches in diameter. The copper being on tbe ontside is made a 
little longer. Any escess can easily be cut off with the shears. Lay 
between tbe sheets of zinc and copper, and upon the latter, strips of soft 
pasteboard, aboat 1 line thick and as long as the plates, and clamp the 
pack between two iron bars, abont 1 inch wide and 3 to 5 lines thick, 
&gtened by a band-vice at each end. After heating the metal to a 
moderate degree on tbe udo thus fastened, beat tbe plates into a coil 
■round the bars with a wooden mallet, which can be done by a tinner or 
coppersmith in a few minntes. Tbe inmost turn will not be qaite roand, 
hot that is of no importance. Tbe pasteboard is then removed. 
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A wooden orosa, fig. 561, is wedged Tast to tlie end of & ronnd bu of 
proper tbickaeas, in the Dpper part of which two Bqnare boles are cut to 
receive two other ■mailer bars at right angles to each other. These bars 
are let into each other, and one of the holes made twice as high as the 
other to admit them; the^ are fastened by a wedge. Tb« distance 
between these croesea must be 8 or 8 lines leaa than the width of the coiL 

Fig. 562. 



Fig. 561 




This is placed between thero, and tJic places where the plates toach the 
wood marked; groofes are afterward cut in these places to keep the 
plates apart. The platea can at any lime be taken apart to amalgamate 
the tine* The poles are formed by stout copper wires soldered to each 

* The beat mode of ftmslgamating line pUtes is to eoTer some mereui; witb 
itrang snlphurio aoid, tod pour tbc (no togelhar oter tha pUte with an iron •pooB. 
Frequent nibbing with k iwab rMilllalet the proeoM.— IVoiw. 
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plaU. Fig. 563 represents the apparatDS complete. For luga coils, 
wooden tnbe are used, and arranged as shonn in fig. 563. 

A single Wolluton's element ia very convenient for similar pnrposes, 
when a strong cnrrent is not needed. 
A handle is foitened to the copper plate, ^- ^^*- 

sod short copper wires soldered on as 
poles. 

Oersted^ trough apparatus ia Tery 
coorenient when a powerfal cnrrent is 
required for a short time. Take a sheet 
ol copper and bend op the sides so as 

to form a rim all aronnd an inch high, as shown in fig. 564. In this lay 
a zinc plate on a conple of sticks, and the apparatus ia complete. 

[38S] A ttiftlgnmnfiTi g the Einc. — The nmalgamation of the 
line not only increases the power of any gahaaic apparatus, bat effects a 
great saring of zinc New plates are amalgamated by simply placing 
some mercuiy and diluted sulphuric or hydrochloric acid in a dish, and 
applying both together to the surface of the metal with a sraall brash or 
a swab. When the plates hare once been amalgamated, it is only neceesary 
to place them in ^e exciting liqnid and poor into it a little mercury ; it 
will soon spread OTcr the surface. After the plates bare stood for some 
time unused, the mercnry collects in little drops; but it spreads OTer the 
surface again as soon as the plates are immersed in the exciting liquid. 
When the zinc is in a separate cell, it requires no more labor than simply 
to place some mercury in the cell. To amalgamate the Wollaston's 
elements described in § 280, dip them into dilute acid, lay them in a diah 
so that the longest edge of the zinc will be nppermost, and pour a few 
drops of mercury on each zinc plate from a pipette; then immerse the 
elements again immediately. 

Mercury which has been nsed for amalgamating zinc must be kept by 
itself, as it is not fit for any other use without purification. 

[283] Zambonl'S pile. — The essential points of the constraction 
of this pile have already been described when speaking of Bohnenberger's 
electrometer. Take a glass tube coated on the inside wiUi sealing-wax,* 
and fill it with disks, ^ to 1 inch in diameter. The tnbe mnst be wide 
enough to admit disks without crowding. The pile is moat effectiTe when 

* Heat the tube grsdually, beginning &t one end, and drop bill of Bealing-vai 
into it, it will molt luid spread itself ler; uniforml; OTer the snTface. The lube 
unit b« taroed aooalantl;. This h (he surest nay to mahe the glau insulate well. 
but it makes the apparatus neater to lake a tube which inaulatea well alread; and 
varniab it on the luside with bleached shellao. 
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the disks an made of silver paper, coated on the back with reiy finelf 
palverized oxide of manganese rnbbed ap with thin gnm water, and applied 
very thinly . If the disks mb against the glass in going in, they leaTe k 
fine metallic coating, which almost destroys the effect of the pile. Th« 
tube needs no mounting ; it ma; be closed with dry corks, tikiongh which 
slightly tapering, smooth wires are tiimet, the ends of which press on brass 
plates laid over the disks of paper. The friction on these wires keep* 
the disks sufficiently compressed. The corks are afterwards coated with 
sealing-wax. Snch a pile, consisting of upwards of 1000 pairs, cansea a 
divergence in a delicate straw electrometer. A coaple of dozen snch 
disks, stniDg on a thread and tied together, give indications of electridty 
with a condenser. The dry pile is very convenient for showing the nse 
of the condenser, and the difference in the tension at its poles in an insu- 
lated and nninsnlated condition may be shown abo. A pile of 1000 pain 
Fig. 565. may be built up on a board between 

three glass rods and compressed by 
silk strings tied below, leaving little 
scraps projecting between every 100 
pairs, to show the gradaolly increasing 
tension. 

Two piles of 2000 pairs each, set on 
a board and connected below by a 
strip of foil, as in Bohnenberger's 
electrometer, will set in motion an 
electrical pendnlnra. The arrangemest 
is represented in fig. &66. The upper 
poles pass through a round board, 
which rests on two pillars, and over 
which the pendnlam is suspended from 
a bent wire. The peDduIam is made 
of a light, hollow brass ball a, fostened 
to a slender gloss rod; another ball is 
used to balance the first. The ball a 
lianga, when at rest, between the poles, 
and the glass rod must be long enough 
to allow it to reach both poles by 
tun)ing on the thread os an aids. A 
bell glass is placed over the pendulum 
to keep off currents of air. Once set 
in motion, this pendulum will continue to oscillate for years, sometimes 
coming to rest and beginning again of itself. 
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[984] C!on8tailt batteries. — in order to obtun a atroug galvaoig 
cnrrent which BhoII remain cooBtant for sereral hoars, batteries umsi be 
coDstTDcted of two metals separated bj* a porous partition, each acted on 
bj a separate fluid. Porous aaimal membranes, sach as the bladder, may 
be employed for this purpose; but their nse is attended with bo many in- 
eoDTeniences, that they are now almost nniversally eapplanted by cells of 
porous ebiy. Bladders are seldom used except in the galvanoplastic 
process, for which they are very convenient ; the elements are arranged for 
this purpose in a peculiar way, which will be described io its proper place. 

The porous clay cells are made of porcelain clay, pipe clay, or ordinary 
day free from iron, with the addition of a little quartz sand. They may 
also be made of plaster cast in moulds. The porcelain cells are very good, 
and stronger than the others. Any potter can make them out of white 
day and fine sand, the proper proportions of which he will leam by a few 
trials. They mnst be uniform, and as thin as possible. Plaster cells 
most be handled Tery carefully when they are wet. 

The flxpeiimenter can make the cells for himself over a wooden nionld 
on the lathe. The mould is covered with paper, and bored throagh 
parallel with the axis, in order to remove the cells more easily. They 
can be made more uniformly thin in this way than by the common potter, 
to whom the preparation of the clay and tlio burning should be intrusted. 

Good clay cells shonld become quite damp on the ontside in I minute 
after water is ponred into them ; those made of pipe clay require only 20 
to 30 seconds. They mnst, however, be free from cracks which allow 
water to trickle throogh them ; otherwise the nitric acid will penetrate to 
the Eioc and blacken it. Imperfect cells are readily detected in this way. 

To preserve them in good order, it is absolntely indispensable to wash 
them out each time after aae, and let them lay 2i hours in a tub of clean 
water ; otherwise they soon become so brittle as to break with the slightest 

j"- 

Their shape must be accurately cylindrical, fig. 566, xv^ egg 
BO that the liquid may form a stratum of nnirorm thick- 
ness between them and the metal. Their size depends, 
of coarse, on that of the elements; bat they should be 
just high enough to allow their thickened rim to pro- 
ject above the metal. The best cells which the author 
has seen, in respect to the resistance opposed to the 
current, were made by Stohrer, in Leipsic. They far 
excel the Paris porcelain cells. 

[S85] Daniell'B constant battery. — This 
consists of copper and zinc. The copper is acted on by a solntion of 
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Bolphate of copper, aod the linc by dilute snlphnric acid. It Is indifferent 
wbicli metal is placed o» iho ontaide, that is, wikicli has th« greater nr- 
face. If a BaoHen's bntieiy is also at hand, the lines shonld be so 
arranged that they can be used for either. 

Large tamblera are used for the cells. The zinc and copper are both 
bent into a cylindrical shape, so that both will approach as near as pos- 
sible to the clay cells. Tbe sine most be heated to between S00° and 
300° F. before bendiag it, otherwise it will break. It is afterward amal- 
gamated. A great saviog of zinc is effected by coating tbe side which is 
tomed away from the copper, with a varnish of aspbaltnm diualved in 
spirits of turpentine. Strips of copper are soldered to both metals, as 
shown at a, fig. 66T, to which binding screws may be attached. Tbe 
Fig. 5GS. 




outer metal is nsnally made to project a Rnger's breadth aboTe tbe glass, 
and the inner the same distance above the clay cell. Fig. 568 reprcsenia 
a Daniell's elemeet complete. 

As the aniforra action of this battery depends apon the constant sata- 
ration of tbe solntion of copper, it mast always contain an excess of 
crystals of sulphate of copper. If this is simply tlirown in tbe bottom of 
the cell, only tbe lower stratum becomes saturated ; the vitriol most be 
bang in a ganze bag in the upper part of the vessel. Tbe action of this 
battery is very constant ; bnt it is so much weakened by its specific 
resistance, that it is not nearly so powerful as Bonsen's zinc-carbon 
battery of the same size. On the other hand, it has the advantages of 
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greater eheapDess, more pennanent sdion, and freedom from nitrons acid 
Tspon. For the reaioa lut mentioned, it ia eHpecially adapted for nse 
ia woAshops, etc, vfaere the acid rapOFB would be tnjnrioiiB. The zino 
utMj be acted on bj a solution of common salt instead of snlphnric acid; 
a bog of the salt most then be hang in the solution, bnt tlie Hnbstitate is 
not Terj good. When the elements ore kept a long time, several weeks, 
in constant action, a part of the old liqeid should be withdrawn by a 
■ipbon, and replaced by fresh. This applies especially to zinc. 

The elements may be so conoected, as either to form a battery or a 
single element of large surface. In the former case, the copper of one 
element is connected by binding screws to the zinc of the next, and the 
elements so arranged aa to bring the two poles as close together aa 
poeable. In the latter case, all the copper plates are cemented with one 
strip, and all the zincs with another. The cella should be arranged in a 
tray, Gg. 569, Jnst large enough to contain them. 

Fig. 569. 




[28ft] QrOVe's battery. — This has plutinam instead of copper, which 
is acted on by concentrated nitric acid, bat it ia arranged in other respects 
like Daniell's battery. The zinc is acted on by antpburic acid diinted to 
7*0 or {. To produce very strong currents the aulphuric acid is used 
stronger, eren as high aa one-half; more depends npon this than npon 
the streugth of the nitric acid. This is the most powerfol combination 
known, in proportion to the size. Its first cost is considersbJe, but not so 
great aa might be supposed, when made at home. The platina ia used in 
the form of very thin foil, as it depends only on the surface, and 10 or 60 
square inches of such foil need not cost over fonr or five dollars, | of 
which ia the permanent value of the metal. Such very thin foil requires 
care In handling, which must be obaerred, in fact, with any apparatus. 
Yarrentrapp advises to bend this thin foil aronnd a piece of lamp-chimney, 
and tie it above and below with fine platina wire ; one comer of the foil is 
bent over to the inside of the cylinder, and a piece of thicker foil laid on 
it. This foil is soldered to copper and rarDiabed all over with asphaltum, 
except where it is in contact with the thinner foil. The two pieces of 
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foil are pressed together by a cork .fitted in «r tif^ht, and Tarnished. 
The nitric acid coDanmed costs rather more than the Bnlphat« of copper 
required to prodnce a current of equal strength with Daoiell's batter;. 
When the foil is thicker, it is better to retain the arrangement described 
in the preceding paragraph for Daoiell's batterj, sabstitntiag platina for 
copper. It is still better to fasten the foil to a wooden corer fitting on the 
illay cell. Leave a piece projecting from the middle of the foil, fig. 570, 
to which rivet a double slip of copper of the same width. Make a slit 
throagh the middle of the cover, and from this cut an S-shaped groove, 
about i a line deep, Sg. 571. Pass the strip of copper throagh the sUt, 
bend the foil into the shape of an S, and insert it in the groove, fig. 572. 

Fig. 570. 




Finallj, fill the lower side of the cover with melted rosin, to keep the foil 
in place. The cover serves to retain the nitrous acid vapors partly in the 
cell. The platina foil may have from 6 to 20 square inches sarlace. 
Fig. 573 represents a Grove's element complete. Another form of the 
same battery is represented in fig. 574. In this the cell is a rectangular 
trough, around which the zinc is bent. The platina foil is straight, and 
fixed to a cover as before. The elements may be placed in wooden 
troughs coated with pitch. If the zinc is bent twice at a right angle, the 
BDCceeding platina foil may be attsched directly to it, at d. 

The clay cells of these elements must be soaked well after nse, and the 
foil washed with water. Each foil should be kept in its celL 

[287] BiinBen'B zinc-carbon battery. — in this battery the 
platina is replaced by carbon. The exciting liquids are the same as in 
Grove's battery. The cylinders of carbon require a special preparation. 
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They are made m followg : T&ke two parta bj weight of coke and one part 
tHtmniooiis coal, pslveriie and dft them. The powder must then be placed 
Fig. 678. 





tn a mould of sheet iroa, which is a little wider and aboat an Inch higher 
than the glass Id which they are to be used. This inoald is not riveted 
together, bnt aimply the edges tnroed up to the width of ^ an inch and 
clamped together, fig. 575. The moold is closed above and below by pieces 
bent np Id the same manner and pushed in. After one end is closed, place 
in the moald a cylinder of pasteboard, so as to leave a space of abont 3 
centimeters between it and the monld, and fill this space with the coal 
dust shaken together bat not compressed ; then close tbe other end, and 
plaster the joints with clay. Heat a namber of monlds filled in this way 
to a red heat in a famace, and 



keep up the heat nntil the evo- 
lution of carbureted - hydrogen 
gas ceases, which requires about 
j of an hoar. After cooling, tbe 
coal will be firm enough to be 
tamed on a lathe. Tarn them 
off to the shape of fig. 676. The 
length of the narrower part of the 
cylinder most be a little less than 
tbe height of the glasa, so that 



Fig. 675. 



Fig. 576. 
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the broad rim will rest on the glass and cover it The smaller part most 
slip easily into the glass. The inside mnst also be tnmed off nntil the 
smaller part is only 5 or 6 millimeters thick. The coal cylinders are 
fastened on the lathe by a wooden chnck with a wide slit and a sliding 
iron ring, an arrangement familiar to every tnmer. 

After this, saturate the cylinders with molasses or coal-tar, and dry 
them again. When dry, place them in a cmcible among charcoal powder, 
late on a clay cover, and barn them in a potter's fiimace. 

After the cylinders are bnmt, bore a few holes, abont 5 millimeters in 
diameter, obliquely downward through them; then heat the broad rim 
and saturate it with melted wax, to prevent its absorbing nitric acid. A 
copper ring, either riveted or hard soldered, with a projecting ear, fig. 577, 
is then to be driven over the rim of the cylinder with a few gentle blows 
of a hammer. When the ring fits well, and the cylinder is held in the 
hand, this can be done without injury. It is better to tighten the ring by 
a binding screw, fig. 578, so that it may be removed and cleaned after 

Fig. 577. Fig. 578. 





nse. It is advisable, when the ring is screwed together, to lay under it a 
strip of wire gauze of equal width, to iDcrease the points of contact, and 
then varnish the ring and the upper part of the cylinder with sealing-wax. 
The same varnish should be applied when the ring is driven on. 

The carbon is sometimes placed in the clay cell and the zinc made the 
outside element. In this case, the carbon is in the form of a straight 
cylinder, with a copper ring driven on one end. It is not necessary to 
gild this ring to protect it from the action of nitric acid ; saturation with 
wax is sufficient to prevent the acid being drawn up, without injuring the 
conducting power of the coal. A coat of varnish will protect the ring 
from acid accidently dropped on it As the rings are destroyed by con- 
stant use, let them be made as they may, the simple pattern shown in fig. 
577 is preferable on account of the ease with which they can be renewed. 

It is not advisable to connect the zinc of one element permanently with 
the carbon of the next The contact should always be made by binding 
screws. The form seen in fig. 579 is well adapted for this purpose. The 
slit in the strip connected with the zinc slips over the screw, the head of 
which presses upon it When the carbon is on the outside, the jars 
should be contracted at the neck, so as to contain a considerable qnantity 
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or ttcid withont expoalng much snrfoce. To obtain the maximnm effect, 
the clay cells must Gt into the oarbon cylinders as closely as possible. 
Jan of the form of fig. 680 are made specially for Bunsen'a battery. Fig. 
581 representfl the whole apparatns, in aection. 



Fig. 579. 



F^. 581. 





From the directions given for the preparation of the carlxin, it will be 
seen that it is a tedious process. It generally reqairea some preliminary 
trials, for the proportion of the coke to the bituminous coal varies accord- 
ing to the quality of the iatter ; if it is too bituminous, the cylinders croclc 
daring the first heating; if it is not bituminous enough, they are too 
friable. In the former case, more coke must be used; in the latter, less. 
Carbon of eqaal density also differs very mach iif electro-motive power. 
It ia, therefore, best to buy these cylinders, unless a large number of them is 
required. The best are made by Delenl, in Paris, and StOhrer, in Leipsic. 
The former sells the whole element, inclading glass, very heavy zinc, 
porcelain cell, a copper ring like fig. 568, and binding screws, for 4 fhtncs. 
Stdhrer makes more powerful elements for 3 thalers ((2 25.) 

The prime cost of this battery is less than that of Grove's of eqnal 
Btrengtb. The carbon absorbs, however, a considerable quantity of nitric 
acid, amounting to ^ of the whole, which is lost in the snbseqnent soaking. 
The Joss by conversion into nitrons acid is not more than in Grove's 
battery. The inconvenience fh>m nitrons acid vapors is about the same 
in both. Smoking tobacco, uid especially cigars, partially obviates this 
incooTenieuce. 



884 PHYSICAL EXPERIMENTATION. 

When the battery is used frequently at short intervals, it is an advan- 
tage to have the carbon on the outside for the clay cylinders may then 
be removed and the carbon left standing In the acid, covered over with a 
plate of glass, so that nothing is lost by soaking. Carbon recently soaked 
and dried yields, it is tme, a stronger cnrrent for the first instant, but it 
soon falls to its ordinary force. To obtain a feebler cnrrent, which shall 
continne constant for a long time, Bnnsen's battery may be charged with 
sulphuric acid diluted to ^^ or j\ its volume, in both the zinc and the 
carbon cell ; thus charged, the current will continue nearly uniform for 
four weeks. 

[288] The zinc-iron battery. — The platiha foil in Grove's com- 
bination may be replaced by sheet iron, provided very strong nitric acid 
of specific gravity 1*4 be used. Tin plate may also be substitutad for 
zinc, and a strong cnrrent obtained even with iron in both cells. Not- 
withstanding the ease with which batteries can be constructed in this way, 
they have not come into such general use as might have been expected. 
The difficulty in their use is, that one must notice constantly whether the 
acid is strong enough not to attack the iron ; but during the action the 
acid Is constantly growing weaker, until it reaches unexpectedly the point 
where the iron is violently attacked, and a cloud of nitrons acid vapor is 
evolved. 

Besides the batteries already mentioned, a multitude of others have 
been recommended, which, not having found their way into general use, 
may be passed over here. 

[289] Experiments on the tension of the pile.— A toler- 
able demonstration of the law that the tension increases as the number of 
pairs, may be given by the aid of a delicate gold-leaf, or Dellmann's 
electrometer, with only 8 to 12 pairs. The pile is built up on the hand, 
with moistened blotting-paper, and the projecting ear of the upper plate 
brought in contact with tliat part of the condenser which consists of the 
same metal. By touching any part of the pile with the fingers of the 
hand on which it rests, only the plates above the finger come into play 
By increasing in this way the number of pairs, the increased diverg- 
ence of the electrometer is very evident. With a very delicate elec- 
trometer, not more than 8 to 12 pairs must be used, even when the 
blotting-paper is moistened with simple saliva. With pasteboard the 
piles would be too high for this process. With 40 to 50 pairs a delicate 
straw electrometer may be used. Zamboni's pile of 1000 pairs affect^ such 
an electrometer without a condenser. 

[290] Physiological effects of the galvanic current.— 

(1) The simplest experiment is to pass the current through any branch 
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Fig, 583. 



Fig. 582. 




of the fifth pair of neryes, which commanicate with the optic nerre. 
The most convenient apparatus is a conple of plates of zinc and copper, 
not more than an inch in diameter, fig. 582, with handles. The copper 
may be silvered for the sake of cleanliness. Hold these plates in the 
month between the jaws and the cheeks, so that when the month is closed 
the handles will be in contact. At everj contact a faint spark will be 
seen, especially when the eyes are closed. 

(2) The same plates may be nsed to illos- 
trate the cnrions taste prodaced by placing the 
tongne between them with the handles in con- 
tact 

(3) Lay a copper or silver coin on a plate 
of zioc, and on this place a leech. It will begin 
to creep, bat always retreat as soon as it 
touches the zinc. 

(4) A single pair is not sufficient to produce 
shocks in the human system, this effect depend- 
ing upon the number of pairs ; but with 10 or 
12 pairs a slight tremor is felt, and with 40 to 
50 pairs it becomes very sensible, especially 
when the poles are touched with metallic 
bandies, fig. 583, held in the hands, moistened 
widi acidulated water. These handles are made of sheet brass, and the 
wires should pass entirely through and be soldered to both ends, other- 
wise they soon break off. The cylinders may be left open at both ends, 
and the wire soldered to the side. With a strong pile of 50 to 60 pairs, 
the circuit cannot be kept closed by these handles ; the twitching which 
ensues as soon as the circuit is closed, immediately breaks it again. 
When the shocks have become weaker, so that the circuit can be kept 
closed, the current produces a tingling sensation in the fingers and wrists. 
If the wires from the poles be made to terminate in two basins filled with 
acidulated water, the circuit may be completed by plunging the hands in 
these. The wires should in this case terminate in plates 4 inches square, 
to increase the surface of contact. The shock will pass through several 
persons, if they hold each other with wet hands ; but it is then very much 
enfeebled. 

[291] The spur WheeL — The effect of quite feeble shocks becomes 
intolerably great when they follow each other in quick succession. For 
tills purpose the circuit must be rapidly closed and broken. This can be 
accomplished very readily by connecting a rasp with one pole and drawing 
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the other termiDal wire rapidly acrosa it. Adj bod; inserted in the 
cnrrent will then receive shocks in rapid snccession. 

The interraptions may be prodoced with more regalftritj, and the 
interral between them regalated at pleasnre, hj means of the apparatus, 
fig. 584. It consiBts of an old clock wheel, the iron axis of which resti 

Fig. 584. 




on two brass posts fixed in a board, with one of which the wire a is cod- 
nected, while the spriag b strikes agaiost the teeth. As often as the 
spring passes a tooth the current is intermpted. The teeth may be 
amalgamated, to reader the contact more perfbct. This is done by hold- 
ing a bit of paper, moistened with mnriatic acid, against the teeth while 
the wheel is revolviag, and then passing them throngh a cup of mercnry. 

Neef's apparatna for the same purpose has, instead of the notched 
wheel, a circle of brass, into the circnmference of which pieces of boxwood 
or ebony are inserted at regular intervals. In this case, the spring b 
need not have so much elastic force. This apparatus is f^e from the 
clicking noise which the other makes, bat the spring is apt to drag 
metallic particles over the surface of the wood, aud thns render it a 
conductor. 

[292] Physical effects of the battery: sparks and calo- 
rific effects. — Sparks of appreciable length can only be obtained with 
very powerfnl apparatus, by induction. The light evolved is generally 
produced by the combustion of the ends of the conducting wires, aod 
especially of the mercnry with which they are amalgamated. The sparka 
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produced when the cnrrent is intemipted are brilliant in proportion to 

ibe length and thicknem of the condncting wires. If a part of the circnit 

be too thin to condnct the cnrrent, it becomes heated, even fnsed or 

Tolatilixed. The intensitj of the heat is proportioned to the thinneaa 

and shortneu of the wire and the size of the platea. A single Wollaston's 

element of the dimensions assigned is 

RifBcient to ignite a ystj fine platina Fig- 585. 

wire, stretched between the poles, as 

shown at p p, in fig. 58fi. When the 

wira is Twrj fine, ud not more than 

^ to ^ inch long. It beoomeB red hot 

as often as the element is immerged 

in th^acid. 3y the method described 

b § 968, No. 5, it is easjr to make iron 

win fine enough to be Ignited and 

melted with apparatns of moderate 

power. To bum a wktcb-spring re- 

qQiras k more powerflil battery than a 

umple Wollaston'R. 

A sheet of gold or iIlTer leaf, hnng like a flag on one of the electrodes 
of the battery *nd made * part of the circuit, bnms with a brilliant light ; 
if the other electrode be passed orer the foil like a knife, it bams a way 
for itself, so that the metal ma^ thus be cnt into strips. The same 
brilUant Gomhugtion is produced by connecting a file with one pole, and 
drawing over it a fine wire connected with the other; the wire bnms with 
a shower of sparks. To obtain the bow of light between charcoal points 
teqnires 12 to 34 good Bunseu's elements of the size described. For this 
purpose, take cylindrical pieces, ^ to ^ an inch thick and 2 inches long, 
pointed at one end, and made either of the same material as the carbon 
elements, or of coke. Charcoal does not condnct well enough, and can, 
therefore, only be nsed with very powerful batteries.* Garbonaceoas 
deposits are fonnd adhering to the iron gas retorts, which are extremely 
dense and very suitable for this purpose. The pole wires shonld be 
wrapped aronnd them several times to increase the snrface of contact, 
tod the points of the coal then brought together. With a battery of 40 
or 50 pairs, the carbon points may be drawu apart, after they become red 
hot, to the distance of ^ inch, and an arch of tight of dazzling brightness 
obtained. Pointed wires coated with soot gire a brilliant light when 
the circuit is closed. 
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Aa the distance betweea the coalB mnat remain constant darioff tbii 
experiment, and the inflaeDce of ihe magnet on the arch ahoold also be 
exhibited, a stand like fig. 686 fa very convenient. Two atont tneta] rodt 
fixed In a wooden base cany each a conple of sliding clamps. The con- 
ducting wires are fixed in two of tbeae, a a, and the coal points, wltk 
their wires, in the other two. The wires to be melted may be held in the 
Fig. 68T. 



Fig. 586. 




same way, the clamps being very convenient, especially for very fiae 
wirca, which are apt to slip out of the binding screws. The carbon pointa 
may be fixed at the proper distance, and a Leyden jar discharged throogb 
them to start the current, which will then continne. A special snpport 
for this experiment is shown in fig. 58T. The coal la held in nietidlic 
tnbes, and the upper rod slides in its socket The middle part of the 
ColnmD ia made of glass. 

[293] Blasting by galvanism. — Gloso both ends of a small 
glass Inbe with soond corks. Through one of these thrust the bare ends 
of two well- insulated copper wires, so that they will project about i centi- 
meter within, and be aa far apart as possible-, scrape them clean and 
connect them by a fine, bright, iron wire. Cement the cork tightly in 
the tobe, and, after filling it with gunpowder, cork up the other end also, 
and cement it. Tie the insnlated wires together, wrap them again with 
silk as far as they are to be immersed in water, and varnish them over. 
These preparations must be made aome weeks before the experiment, to 
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allow the varnish time to dry. Lay the cartridge in a tnb filled with water, 
coTer it with a board, and from a safe distance pass through the conduct- 
ing wires a current sufficient to melt the small iron wire. The experi- 
ment should be made out of doors ; the tnb is generally burst open. 

[294] Production of cold by the galvanic current- 
Solder together a bar of bismath and a bar of antimony-glance, each from 
2 to 4 square lines, in transverse section, so as to form one continuous 
bar, and send a current through them; a reduction of temperature will 
take {dace at the joint when the current goes from the bismuth to the 
antimoDy-glance, and a rise when it passes the other way. The bars, with 
a diori copper wire fastened to each, must be inserted in a glass bulb, 1 
to 1^ inches in diameter, with a long neck, like fig. 588. In soldering 
copper to these bars, it must first be tinned. The cementing may be 
done bj frequent applications of thick solution of sealing-wax, as the bars 
cannot be made hot enough to melt sealing-wax. Plaster of Paris is too 
porous for the purpose. Dip the end of the tube a in a glass of colored 
water, and warm the bulb b with the hand, so as to expel some of the air 
and allow the liquid to rise in the tube. Mark the height to which it 
rises bj a thread, and fasten the apparatus to an upright stand. Send a 
correntk by means of a pole-changer, alternately in opposite directions 

Fig. 589. 





throngb the bars, and the thermometer will indicate rapid changes in the 
temperature. A strong current produces an elevation of temperature in 
either direction. A single Wollaston's element is very convenient for 
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this experiment, ag the qnanti^ of liquid in the ghtas cu be Increued or 
dimiDiBhed bo ag to obtain a carreot of galtable strengtb, without diatarb- 
iog tbe apparataa. An orbitrarj scale may be attached to tite tobe, whick 
mnat be so arranged that it can be taken ont and emptied of the liquid. 
Fig. 689 represents sach an arrangement 

[99&] Chemloal effects of the battery. — Deoompotition of 
water. A very simple apparatus for this purpose ia repreaented in fig. 
690. Bore two small holes in the bottom of an ordinary wlneglaaa, with 
a st«el drill and apirite of tarpeutiue; close them with good corks, and 
thniBt platina wires through the corks. Twist a wire around the stem ct 
the glass and bend the two ends into hooks above, upon which hang two 
glass tnbes closed at one end, at such a height that the ends of the 
Fig. 591. 



Fig. 690. 





platina wires will project about 3 lines within them. The wires ^ould 
be covered with senling-wax as far as the bottom of the tabes. Only this 
projecting portion of the wiro need be platina, the rest may he of copper. 
Fig. 691 represents another form of the apparatus. Take a glass fiinnel 
ud cut off the tube, except about an inch ; close the lower end with a 
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food coA (iuerted from sboTo) throDgh vhicb two plfitioa wires Unnia- 
■ting in Blips of foil are poBsed, and cover the cork with melted wax. 
Soldw copper wine to the platioa on the oatdde, and raooDt the fDonel 
and tabes on a wooden stand. 

Pnt iltghtlj aeidnlated water in the glass, and Gil the tnbes vith the 
same. The tnbee shonld be of the same diameter, to show the difference 
in th« qaantitj of the gases erolred. 

The gues maj be obtained in greater quantity by means of the dmple 
apparatns, fig. 693. The glass tube m n p is 4 to fi lines in diameter. 
T)m corks, the platina wires c d, nnd the tabes a b most be inserted air 
Fig. 59S. 



Fig. 692. 




tight. The wires end in slips of platina foil ef, (which are needed for 

other experiments,) reaching nearly to the bend of the tnbe. The tnbea 

a 6 are connected by india-mbber with pig_ 594, 

tabes leading to a small pnenmatic 

trongh, where the gases may be collected. 

The platina foil by increasing the aarface 

makes the current stronger. Fig. 693 

reiRvsenta a conTenieut support for the 

appanttu. 

The ftpparatns in fig. 694 deliTors both 
gases together. It consists of a wtde- 
monthed glass Jar closed with a cork, 
tfarongh which two insnlated copper 
wirea are inserted. The wires may either 
be coated with sealing-waz or inclosed in 
glass tnbes. Platina plates are soldered 
to these wfiee, and the gas is delivered 
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by a beat glosa tube. It is more conTeaient when thu tube has a flexible 
joint of iodia-rabber. The lower ude of the cork and the copper wins 
are coated with sealicg-wax, and the plates placed rerj near Mch other. 
The glaas is BUed with slightly acfdnlated water. It is better to hare the 
wires of platina soldered to the plates with gold, and conneoted with 
thick copper wires on the oatside; for the latter are attacked by the aad 
in Bpite of the coating of sealing-wax. In these experiments, from S to 
12 elements are required to obtain the gas in diandance, for the water 
opposes a great reaistance, althoagh decompodtion begins with «rm 
three or fonr elements. The gas ma; be led directly into soap-snds, and 
the bobblea ignited as soon as they have detached themselvea from the 
tnbe. The explosion ia always sharper than that of the artificial mixtnre, 
becanse the gases are pare and in exactly right proportions. When the 
qoantity of gas is to be measured, the platina plates moat be constantly 
beneath the surface of the liquid, for they would otherwise cause a partial 
reunion of the two gases. For this purpose, the apparatDs may be made 
in the form of fig. 595, in which the condnctjng wires pan through a 
Fig. 595. 




board coated well with sealiDg-wax, over which stands a little bell-glass, 
with a gas tnbe passing through its tobnlDs. If no exactly soitable vessel 
is at hand, it is better to bore two holes in the bottom of a glass cylinder, 
and pass (be wires tbrongh these holes and the upper part of the board 
to the bindmg screw& The bubbles must never be ignited when standing 
immediately over the month of the tube, else the explosion will be com- 
municated to the interior of the generator ; they should always be first 
drawn to the aide of the vessel. 

Iron platea may be substituted for platina, and placed in a solution of 
I part by weight of caustic potash to 9 parts of water. The plates may 
be coiled up Into a spiral, so as to increase their surface very much, and 
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therein incnaae also tho qaantity of water decomposed. Spirits of tur- 
pentioe poured oTer the solution of potash wiQ preTent spatteriog. This 
Hntagement is not preferable to platina for mfiasoremeiits. With platina 
electrodes, the addnlatfld water mnst be free from salts of zinc, otherwise 
the negatiTe pole will become coated with black metallic zioc, and the 
eTolQtioa of gas will cease at this pole. 
[S96] ExploBlon of otaloride of nitrogen.— When the poles 

of a BuDsen's batter; of 6 to 8 pairs are connected with platina plates 
Immersed in a very strong golntion of sal ammoniac, chloride of oitrogen 
is formed at the positive pole. If the solotion be covered with spirits of 
tnrpentitie, the little jellow drops of chloride of nitrogen explode jeiy 
sbafpl; as soon as the; come in contact with it The experiment succeeds 
better when the liqnid is warmed. 

[S9t] Decomposition of salts. — The simplest mode of per- 
forming these experiments 

ts to take a best glass tube, ^9- ^96- 

soeh as is represented in 
fig. 596, and fill it with a 
solotion of some neatral 
salt, colored with litmos. 
Insert a platina electrode 
of a battery, of 3 to 6 pairs, 
in each end of the tnbe. 
The solution will be colored 
red at the positive pole, 
and bine at the negative; 
by reverung the poles the 
colors will also be reversed. 

[298] Electro -metalltirgy. — a modification of Becqnerel^ 
batter)*, fig. S9T, is Tery convenient for small g&lvanoplastic operations: 
c is a candy jar with the bottom cat off; 
the month ia closed hy a piece of beef's 
or hog's bladder, and a sheet of zinc bo 
arranged as to rest on the shoalder jost 
OTer the bladder, bat not in contact with 
. it It is advisable to wrap the zinc in a 
cloth, otherwise the falling particles of 
line will indace a deposit of copper on 
the bladder beneath them. Snpport the 
glass in the onter vessel on a wire tripod, 
leaving a apace of 1 or 3 inches below the 
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bladder. This support is made 1^ simply twisting two wires together, as 
in flg. 598. A tripod of glass, fig. 599, placed beneath the jar, is, in aome 
respects, better. A stont copper wire or ribbon is soldered to the snc, 
and dips into a cnp of mercnrj q, and ttom this a second wire goee to the 
moald, which lies on the bottom of the vessel and forms the second 
element of the battery. Those parts of the wire which dip into tlie 
llqaid are Tarnished over. The insertion of the mercnrj cnp makee it 
Fig.69S. 

Fig. 600- 
Fig. 699. 




easier to take the apparatus apart, which is frequently necessary. When 
the mould is hard, the connecUng wire is merely l^d on it ; if the montd be 
soft, it ia thnist into its side. As the copper is deposited most rapidly 
where the wire rests, its position should be changed frequently when the 
mould exceeds 1 inch in diameter, or two wires be used. The zinc may 
also be placed Tertically in its cell, nnd the couductiag wire fastened to it 
by a binding screw, as seen in section in fig. 600. 

Fusible metal, made of 8 parts of bismuth, 8 of lead, and 3 of tin, may 
be u^d for taking the casts; though they are generally made of wax 
mixed with ^ of plaster, or of stearin. The original must be well cleaned, 
and a rim of paper, ^ inch high, tied or pasted around it Breathing 
upon the mould just before pouring in the wax, which must not be too 
hot, facilitates the removal of the cost. A thin film of grease answers 
the same purpose. The mould should be slightly warmed, so that the 
mass will not harden at once. Plaster casts are very hard to copy; they 
should be laid in a plate with water, and the materials poured over them 
as soon as the water penetrates to the snrface. 

To render a wax mould conducting, brush it over with precipitated 
metallic silver, or finely levigated graphite, with a hair pencil, making a 
streak also down the side, where the conducting wire is inserted. Lay 
a rim of shoemaker's -was aroand the mould, so that the deposit of copper 
may not creep over the edge, which makes it difBcnlt to detach. A 
mixture of 20 parts of glue and 2 parts sngar, boiled with veiy little 
water, forms an elastic mass, like that used for printer's rollers; nnder- 
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wrought objects can be copied with this material. An addition of a 
little linseed oil is said to render it durable in the galvanic bath. Ontta- 
percha, pressed over the heated model in a yice, also makes good moulds. 

The yessel a, tig. 597, is filled with a solution of sulphate of copper, 
which Is kept saturated, and b with very dilute sulphuric acid (^^ to ^^q.) 
In order to be sure of success, the solution of copper must be free from 
zinc, which it will not be if it has once been used for Daniell's battery. 
To render the copper tough, add 5 to 10 per cent, of oil of vitriol to the 
solution. The copper will be thick enough to be removed in 12 to 24 
hours. Remove the shoemaker's- wax first, and raise the copy straight up 
with a knife blade, while the mould is held in the other hand. 

When any other battery is used for galvanoplastic operations, connect 
the mould with the negative pole, and the positive pole with a copper 
plate, of the same size as the mould, placed parallel, half an inch from it. 
(The positive current passes through the liquid clement from the ziuc to 
the copper, and out of the liquid from copper to zinc ; the copper end is, 
therefore, the positive, and the zinc the negative pole.) For larger 
objects the battery is used directly, and a stronger animal membrane sub- 
stituted for bladder. 

[299] Oilding and silvering. — General remarks,* Among 
the many methods proposed for the precipitation of gold, etc., by galvan- 
ism, the decomposition of the cyanides is the best for our purposes. The 
best battery is Daniell's, because it can be used in any situation, and 
yields a more constant current than any other. It can be used without 
interraption for weeks, requiring only the occasional addition of a little 
fresh acid, and an entire renewal of the same every 4 or 5 days. With 
Bansen's or Grove's battery, sulphuric and nitric acids, diluted with ten 
times their weight of water, will produce a sufficiently strong current. 
For technical purposes it is advisable to insert a galvanometer, consisting 
of a simple strip of copper, bent at right angles, in the middle of which a 
needle is suspended. A slit is made in the upper part of the strip, in 
order to judge of the proper position of the instrument before closing the 
circuit. The needle tnay be a piece of stout knitting-needle suspended 
by a silk fiber (3 to 5 fold) in the manner indicated in figs. 601 and 602. 
An astatic needle arranged as in fig. 603 would be better, because the 
current is feeble. A few experiments will determine how much gold is 
precipitated in an hour, with various deflections of the needle, and the 

* This subject is treated here only so far as it is usefiil in physical instruction, or 
may be required in gilding parts of apparatus, without regard to whether the pro- 
eeas be the eheapeet or the best oa a large scale, provided it be simple and certain. 
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qaantit; of the other metals con be calculated from this. This famishes 
an approzimata measure of the qaantity of gold deposited on an; <^ect. 



Fig. 601. 



^'t'l;. 602. 



t 



which is very convenient even for the amateur. Fig. 601 represents a 
galvanometer of the simplest constmction; the copper is separated at 
a by Tarnished wood. 

Fig. 604. 




The solutions of the metalB, except pjatinam, are prepared by galranie 
agency, by soldering to the positive pole a, plate of pure gold, silver, or 
copper; and to the negative, a slip of platina foil. The ordinary gold 
and silver coins are not pure eiioDgh for the purpose. Pare copper can 
be obtained by galvanic precipitatioo, for the copper of commeree is not 
always pnre enongb. Fnse the precipitated copper, under boras, iu a 
Hessian crucible. Immerse the electrodes in a solution of cyanide of 
potasainm in distilled water, until the metal dissolved from the positive 
electrode begins to be deposited at the negative pole. In preparing the 
silver solution, the negative electrode must be gold. The solntioos of the 
metallic cyanides can be kept ancbonged in closely stoppered bottles, bat 
the cyanide of potassium decomposes. 

All the articles to be plated must be cleaned, first with lye, then with 
dilute sulphuric acid, or soot and dilate nitric acid, and finally with cream 
of tartar and a stiff brush. Tbey should then be washed off with pure 
water, and placed immediately in the bath, and the circuit closed. The 
positive pole is inserted in the liquid first, and then the negative pole with 
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the object to be plated. The wires should be bent so that one will be 
in contact with the otjject, and the plate connected with the other parallel 
to the same. 

Too moch care cannot be taken to prevent the amalgamation of the 
articles by mercniy. The least trace of it on the hands will spread over 
the clean metallic surfaces. The mercnry can be driven off bj heat, bat 
it is apt to leave spots. In arranging the battery, the operator shonld 
wear gloves, on aceoont of the amalgamated zinc, or cleanse the hands 
thoroughly afterwards. 

The decomposing cell should, if possible, be made of glass or porcelain ; 
but, to avoid the necessity of too much liquid, one will often have to use 
stoneware. 

The temperature of the bath is not indifferent; the operation does 
best at a temperature of 75^ to 140^ F., though it succeeds between 60^ 
and 10^. 

A part of the metal is always deposited in the form of powder or of 
acicular crystals ; as soon, therefore, as the articles cease to exhibit a 
bright metallic luster, they should be taken out, and washed with water, 
and cleaned with cream of tartar. The poisonous nature of the solution 
of cyanides must never be forgotten while handling the articles. This 
pulverulent deposit may be partially prevented by occasional additions of 
cyanide of potassium, of which the solution should always contain an excess. 

The current must never be strong enough to cause the formation of 
bubbles of gas on the surface of the electrode. Feeble currents produce 
more uniform deposits, and'require less frequent cleaning. The strength 
of the current can be controlled completely, within the limits required, by 
immersing the positive electrode to a greater or less depth, or changing 
its distance from the object to be plated. 

[300] Special management of the solutions. — ouding 

and silvering. In addition to what has already been said, it should be 
remarked that these operations succeed best with a single element; and 
that it must not be supposed that an article is gilded as soon as it becomes 
yellow. This error has contributed much to bring electro-plating into 
discredit It is, therefore, very desirable to know how much goki is pre- 
cipitated in an hour with a current of given strength ; for, according to the 
investigations of Dumas, fire-gilt articles have 28 to 130 milligrammes of 
gold on 50 square centimeters. This does not amount to 2 dollars on a 
square foot, although gilders speak of 3 dollars to the square foot ; but 
by the galvanic process, it is easy to deposit 4 dollars to the foot The 
articles are, however, dull and must be burnished. 
An ofcgect to be thickly gilded must be taken out as soon as it begins 
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to be doll or brown, and nibbed with a wire brash or a stiff tooth-brash, 
cleaned with cream of tartar, and again immersed. The same process 
mast be repeated until the gold becomes thick enough. When the gilding 
does not proceed well, or becomes spotted or pale yellow, the article mast 
be cleaned, and a lamp of cyanide of potassium added to the solation; 
a deep-yellow color cannot be produced without an excess of cyanide of 
potassium. When it is desirable to gild more rapidly, a current strong 
enough to produce a copious evolution of gas may be used, and the object 
allowed to become very brown. After removal from the bath it is rubbed 
first with the finger, or with fine linen, and then with the wire brash. 
If the browning be not carried too far, the linen will show no trace of 
gold, and even the scratching brush will detach very little. In one case 
in which I precipitated 1 milligramme of gold upon 1 square centimeter 
very rapidly, I found, after using the brush, scarcely j>^ less gold; bat 
witii twice as thick a coat the linen was colored, and, after brushing, I had 
lost -^ to j^^. The precipitation is very much aided by the addition of a 
very small quantity, not over ^o'^ij, of sulphide of carbon to the metallic 
bath as often as it is used. 

A very simple apparatus for gilding and silvering is made by cntdng 
off the bottom of a wide-mouthed phial, and tying a bladder over the mouth. 
In this is placed a piece of zinc, to which is soldered a strip of coppo; 
Fig, 605. which is afterwards bent as in fig. 605, so that the spiral will 
stand ^ to ^ inch from the bladder. The strip is coated with 
sealing-wax np to the spiral. By supporting the phial on a wire, 
as seen in fig. 598, in a small tumbler, we obtain a battery for 
electro-gilding. This battery is charged with fresh solution of 
cyanide of potassium in the zinc cell, and the gold or silver 
solution in the outer cell. The objects to be gilt are laid on 
the spiral, which is also coated, but they must be turned once. 
This battery works very powerfully. Gold must be added to the solution 
when it becomes too poor. 

FrankensteirCs process. In this process a brass wire, to which a bit 
of zinc is fastened, is wound loosely around the object, or, instead of the 
wire, a thin, narrow strip of zioc, and the whole placed in a gold or silver 
bath, warmed to about 167^ F. The bath consists, according to Frank- 
enstein, of 1 part chloride of gold, 4 carbonate of potash, 6 ferrocyanide 
of potassium, and 10 water, boiled together for ^ to | of an hour and 
decanted. Instead of this solution, the ordinary solution in cyanide of 
potassium, with the addition of potash or soda, may be used. For silvering, 
Frankenstein recommends 1 part chloride of silver, 5 ferrocyanide of 
potassium, 5 carbonate of potash, 2 common salt, 5 liquid ammonia; the 
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liquid is boiled and decanted as before. The articles must be taken out 
and cleaned every 10 or 20 minntes, and the zinc wound over other places. 
The quantity of gold precipitated in a minute depends on the strength of 
the solution, and this must be determined for a given strength by the 
balance, until some experience is acquired, or by analysis of the solution 
remaining. When the solution is very weak the operation proceeds verj 
slowly, which can be ascertained by the time which elapses before the 
article becomes yellow or brown. It is asserted, that with the proportions 
given, and with repeated washing, 1 dollar per square foot can be deposited 
in 40 minutes. The gilders usually take more dilute solutions. Iron can 
be gilded in this way without previous coppering. 

Coppering. At least three elements are required for this operation, 
the decomposition of the cyanide of copper being more difficult than that 
of the combinations of gold and silver. In coating iron with copper as a 
]Nreparation for subsequent gilding, it must be cleaned with great care, 
attached to the negative pole, the positive pole immersed first in the 
solution, and then the negative pole. When they are introduced in 
reverse order, the iron and the copper wire form with the liquid a closed 
drcuit; and the iron being attacked, hinders the firm adhesion of the 
copper, so that it soon falls off, or at least the iron rusts. The article is 
only thinly covered with copper, and then connected with the negative 
pole and immersed in the solution of gold. The gold should be laid on 
thickly. Unfortunately, the gilding cannot always be done so perfectly as 
to prevent the subsequent rusting of the iron. Where the operation 
succeeds well, the articles can be laid in dilute nitric acid without injury. 

Brazing, A solution of brass Is prepared by placing a strip of copper 
connected with the positive pole in a solution of cyanide of potassium, 
with a platina negative electrode, until copper begins to be deposited on 
the latter; zinc is then used for the positive pole, until the deposit on 
the platina assumes a brass-yellow color. In this bath, iron can be coated 
with brass. The articles must first be lightly coppered, and then placed 
in the brass bath, using zinc and copper together as positive pole, and 
immersing the one or the other deeper, as the color of the deposit 
requires."^ 

Platinizing. A solution of ammonio-chloride of platinum in water is 
used for this ; but the operation has never yet been brought to the per- 
fection necessary for practical purposes. According to Jewreinoff, an 



* The antbor has never sncoeeded in plating iron with brass, by usiog brass as 
the posiiiTe pole, as directed by Jaoobi ; the article was always coTcred with line, 
and the brass wire became black. 
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adherent coat is obtained in the following way: 1 part of plattna is dia- 
solred in aqna-regia, the solution evaporated to dryness in a water bath, 
redissolved in water, and 1 part of caustic potash dissolved in water added 
to the solution. The precipitate, together with the supernatant liquid, 
is boiled with a solution of 2 parts of oxalic acid, until Uie precipitate is 
redissolved, and a solution of 3 parts of caustic potash added to it The 
articles must be treated in this solution with feeble currents several times, 
being cleaned and burnished after each treatment. 

[301] Nobili'S colored rings. — These beautiful rings are pro- 
duced on a small silver coin beaten out thin, or on a daguerreotype plate. 
If the coin be selected, it must be made quite smooth and ground off 
bright; the coin is better, because the rings can easily be rubbed off and 
renewed at pleasure, which is not so easy with the daguerreotype plate. 
The experiment is made by placing on the silver a few drops of acetate 
of copper, and touching the plate through the liquid with a pointed piece 
of zinc. The contact is continued as long as the rings continue visibly to 
increase. The rings are finer when produced by a battery of 8 to 6 ele- 
ments. The silver plate is connected with the negative pole, and the 
pointed wire from the positive pole dipped into the liquid without touch- 
ing the plate. The plate must be held horizontal, so as to hold a con- 
siderable quantity of liquid. German-silver may be used instead of silver, 
but the rings will not be so handsome, for this alloy reduces copper of itself 

[302] The beautiful colors frequently seen on bells and other orna- 
mental articles are also produced by galvanism. They were discovered 
by Becqnerel, and are produced in the following way : Dissolve 1 part 
caustic potash in 5 or 6 parts water, and add an excess of finely pulverized 
litharge ; boil the mixture half an hour in an earthen pot, stirring it con- 
tinually; filter the liquid and preserve it in close vessels. Pour the 
liquid in a brass or leaden vessel large enough to hold the article to be 
colored, connect the latter with the positive pole of a battery, of 3 or 
more elements, immerse it in the lead bath, and connect the vessel with the 
negative pole. The precipitation takes place so rapidly that when the 
current is strong, it is not always easy to stop at the desired color; it is 
best, therefore, to use a feeble current With brass, the wire must be 
placed in contact with the cell, and the article introduced slowly, edgewise. 
It is advantageous to gild it lightly beforehand. 

To produce the rings distincly, so as to recognize the succession of 
colors, immerse in the liquid a plate of Oerman-silver laid on a spiral 
wire, connected with the positive pole, but not in contact with the metallic 
vessel. Hold a round platinum plate, connected with the negative pole, 
opposite the center of this plate. 
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[303] Magnetio effects of the current.— To ninstrate the 

action of the galvanic cnrrent on the magnetic needle, fasten to boards 
two copper wires bent as in fig. 606, with the plane of one yertical and of 
the other horizontal Place them with the rertieal plane of the one and 
the sides of the other in the plane of the magnetic meridian. Hold a 

Fig, 607. 



Fig. 606. 
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magnetic needle above and below the horizontal, and beside the vertical 
parts of this cnrrent Hold a short dipping needle near them in the same 
manner. The needle represented in fig. 607 is very convenient for this pur- 
pose. To render Ampere's expression of the law of deflection more 
distinct, little jointed dolls with the left arm extended may be fastened in 
the direction of the cnrrent, so that thej can be tnmed abont Tnm the 
fiice of the doll each time toward the needle. 

[304] The galyanometer. — ^Besides the simple compass described 
in § 299, accurate measuring instruments should be described : these are 
the multiplier, the tangent compass, and the compass of sines. All these 
instruments require a firm support, such as a bracket on the wall, not 
connected with the floor. Short conducting wires terminatiug in binding 
screws should be fastened to the wall, and the movable conductors fastened 
to these. 

The multiplier. There should be at least three multipliers : one with 
20 to 30 turns of wire, i to | millimeter thick ; one with 100 to 200 ; 
and another with 1000 turns of' very fine copper wire, such as is used for 
wrapping strings of catgut. The construction is in other respects the 
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same ia tH; they are all fnrnuhed with astatic oeedlea, the inoar of which 
can easily be removed if Decessary. For some purposes mnhlpliers at 
sereral thoaaand turns are needed, bnt 1000 is safflcient for physical ex- 
periments. 

The wire, welt wrapped with silk, is wound on a aqoara wooden frame, 
Uke fig. 608, abont 3 inclies long ia the clear. Two opposite sides ore 
cnt away above and below to the thickness of 8 to 5 Hues, so that the 
space within the coils will be that wide. The wire is wound in layers 
between projections left standing above and below, so as to leave a slit at 
the top. The ends of the wire must project on the same side, and be tied 
so that the wire cannot nncoil, which annealed wire will have no tendency 
to do. The frame is screwed dofm upon a sqoare board, a little longer 
tbao itself, famished with leveling screws. The needle will come to rest 
soon if the interior of the coil be coated vrith foil, so that it will vibrate ■■ 
if between two metallic plates. 

Fig. 809. 



Fig. 608. 




On the npper bars of the frame is fastened a plate of ivory or of wood, 
covered with paper, with a gradnated circle eqnal in diameter to the 
length of the needle. A slit is made in this circle from 0° to 180*>, cor- 
responding to the slit in the coil, and a line drawn at right angles to it 
through the center. 

To bold 1000 or more turns of win the space for the needle moat be 
smaller, and the flanges which confine the wire larger. Fig. 609 repre- 
sents the frame for this. As the spaces for the introduction sod vibration of 
the needle mast be made very small, they should be inclosed by thin boards, 
to prevent the intrusion of the wire. When the wire has several thousand 
turns, it is advisable to attach binding screws to the ends of each thousand 
separately; the operator has it then at his option to connect the varions 
lengths so as to form a continnons wire, or a shorter and thicker wire, 
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opposing less resistance, and less sensitive. It is convenient to make the 
several lengths of different colors. Figs. 610, 611, and 612 show the 



Fig. 610. 



Fig. 611. 



Fig. 612. 






varions combinations for 4000 tnms. In very sensitive moltipliers it often 
occnrs that the needle recedes from the zero line, and when it is twisted 
steadily toward it, springs suddenly to the other side. This is caased by 
the presence of iron in the copper wire, and mnst be corrected, if neces- 
sary, by the addition or sobtraction of a constant error, the determioation 
of which is beyond the limits of this work. 

The needles are made of bits of thin steel knitting-needle, 2 or 3 lines 
shorter than the space within the frame will admit They are suspended 
in the manner indicated in fig. 613, or fig. 614, by a single cocoon fiber 



Fig. 614. 



Fig 618. 
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Fig. 615. 



wonnd aronnd a screw head, inserted in an arm which is fastened to the 
plate, fig. 615. The fiber rests in a smooth notch in the end of this arm, 
which mnst be exactly over the center of the circle. 
The needles can be raised or lowered by tnming 
this screw. The upper needle serves as an index. 
There should be some means of fastening the up- 
per needle to the plate, to prevent the breaking of 
the thread in moving the apparatus. Fig. 616 
represents a simple way of accomplishing this : a 
is a brass slide which can be fastened over the end 
of the needle by the screw b. 

The ends of the wires should be fastened or 
soldered to binding screws, like fig. 549. The instrument is covered with 

28 
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a glaas con, leaviDg the blading acrewa, of coane, on tfav ontiids. In 

using the inatroment, the zero point moBt be turned towud the nortk. 

Fig. 616. 




The npper needle shoald be a little the stronger, so that the TisOile north 
pole may point to the north. The deflection of the needle, not its fint 
oscillation, must be taken as a meaenre of the force of the corrait In 

Fig.&XI. 




the maltipUer, however, and in the simple compass, the force of tlie carrent 
bears no simple ratio to the deflection, as it does in the tangent compass 
and compass of sines. Fig. CI1 represents the ranltipller complete. 
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AsteUe iiHdIeB an apt to usnme, nnlesi one of tbem is conaiderabl; 
stronger tbni the otiior, som* other direction than that of the magnetic 

Fig. 619. 



i^. 618. 



meridian. This does no harm in the galvanmneter, prorlded the zero of 
the scale be placed in the direction of the needle. This dtfBcolty arises 
Fig. 6S0. 




IVom the oeedlee not being in the same rertical plane, and is difflcnlt tu 
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oTercome; it becomes more perceptible as the needle is more perfectly 
astatic. Perfectly astatic needles, not situated in the same yertical plane, 
onght to place themselves at right angles to the meridian. 

When the upper plate is made of copper, it serves as a check upon the 
vibrations of the needle, bringing it to rest sooner. 

It is very convenient to have the instrument movable on a pivot in the 
base, as represented in ^g, 618, so that the position of the needle can 
easily be ac|jasted by turning it It is well also to have brass pegs fixed 
in the circle at 90^ and 270^, to prevent the needle from being thrown 
completely ronnd. 

In very delicate galvanometers, the needle should be capable of being 
raised and lowered without removing the glass case. Bore a hole 
through the top of the cover, and attach to the piece which supports the 
cocoon fiber a brass cap, represented of natural size in fig. 619. There is 
a square hole in the center of this cap, and above a ring vrith two gprooves, 
in which a screw nnt is inserted. The fiber hangs on a hook at the end 
of a sqnare pin, which has a thread cnt on the other end. By turning 
the nut, this pin is screwed up or down. Fig. 620 represents a galvan- 
ometer with all these conveniences. The frame for the wire is merely 
slipped between two wooden cleats on the upper board. 

[305] Wrapping the wire. — ^Wire less than 1 millimeter thick 
is always wrapped with silk. Thicker wires are usually covered with 
wool, or with silk ribbons made by cutting up old silk and sewing the 
strips together. A fringe-maker can wrap almost any length of fine wire ; 
bat the thicker wire cannot be wrapped on small spools, and the length 
which can be wrapped io one piece depends on the room. A machine 
for wrapping any length of wire is described in the next section. 

To splice the wires, scrape the ends and twist them together with the 
pliers. When the wires are thick, this disturbs the regularity of the coils, 
and it is better to solder them together with soft silver-solder, and file 
down the joint. The bare places are wrapped by hand. 

[306] The wire-wrapping machine.— Figures 62i, 622, 623, 

024, and 625 represent a simple machine for wrapping endless wires. 
The same parts are marked with the same letters in all the figures, and 
figs. 624 and 625 are half the real size. 

The base A rests on feet, and upon it the board B B is fastened by a 
wooden screw and nnt C, which works in a groove in the base, so that 
the board B and the wheel it supports can be slid back in order to tighten 
the band. The iron axle of the wheel E works in brass bearings. The 
circumference of this wheel is grooved for a band, and five grooves of 
varying radius are cut on the axle. The cord which carries the spool 
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around the win wo^ In the large groore, and that which ptuhea forward 
the wire in one of the Bmaller. We will follow the latl«r first It passes 
Itom the wheel over two rollers a a, sliding on smooth iron rods, which 
are Gz«d obliquely in the hue, and fastened above by a brass band to the 
brace T. Aa this band is designed to be movable, it is slit so as to slip 




under the head of & screw. From the rollers a a, the band passes at 
right angles to its former conrse to a wheel O, with three grooves. The 
Iron asle of this wheel tarns on screw points b b, the nuts for which are 
Biuk la the nprigbts M 2f. Besides this wheel, the same axle carries an 
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iron roller covered with leather, c, aad the third apri^t O hu ft deep 
Blit from the top to admit the tzle. The roller diaat lead corflrad vift 
1e«tber; its ucle lies loose In the alit in 0. It lerrei to preas the win 
on the roller c, bo tbst it moat be pnahsd forward when the wheel turn 




in the direction of the arrow. The wire is thus carried to the upright T, 
snd pushed tbrongh the tnbe x, fig. 624. This tnbe x is thrnst throngli 
a slit in the upright, and held by the shoulder y and the not j? in such a 
position that the middle of the wire always coinddes with the azis of the 
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tube. The nprle^t T can alao be elid Id the slit e. On the other side 
tt the npri^ the tube forms the axle or the Bpindle r, in one of the 
Fig. ^23. 




grooves of which the cord from the large wheel works. The box of the 

qiiodle is of brass, and runs rery easilj on the tabe, being kept on bj the 

Fig. 6S4. 




tap m. Several of these taps mast be provided, for the hole in it most 
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Fig. Gib. 



be verj little larger than the wire, which paaaes throngh iL 1^ ipool 
a is BtDck on a Btnooth pin n driven into r. The dUc is eadly wonnd on 
these spools on the latite. From the apool 
the thread is carried over the hook o, be- 
fore being attached to the wire. The spool 
i« kept on the pin by a little catch p. A 
fine brass wire 9 9 is passed aronnd one 
end of the spool, to prerent its rerolTing 
faster than the silk is wonnd on the win ; 
by torning the pin i the Action of the 
wire can be increased at pleasure. The 
ratio between the revolation of the spool 
and the advance of the wire can be varied 
by changing the dmms upon which the bands ran, and the thickness of 




Fiy. 626. 




the wrapping varied coTrespond- 
iugly. The wire shonld be woond 
on a roller behind the machine, so 
as to FDD smoothly into it The 
wrapped wire should be woond in- 
to coils as it comes trom the ma- 
chine. Before being wrapped, the 
wire most be welt annealed. 

[307] The tangent com- 
pass.— it consists of a stoat cop- 
per ring, (2 to 8 millimeters thick 
and 1 to 2 centimeters broad,) at 
least I foot in diameter, and bent 
at right angles at the ends, as seen 
Fig. 638. 




in fig. 621, Instead of being soldered together. The two extremittoa an 
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aepsnted bj a Tsntabed bosrd d, isMrted in the hole la the cylliuler a a, 
figs. 6S6 and 4ST, and the apace filled ap with blocks of wood 6 b. The 
cjUnder a a is rapported an diree feet with leveling screws, and the ends 
of the copper, with binding screws attached, project between these. The 
GOndDcting wires are of copper wrapped with silk, 1 meter long and 3 to 
S mnUmetflrB thick, and twisted together so as to nentraliie Ibair inflnence 
oa the needle. 

Instead of attaching the feet directly to the cylinder a a, this may be 

made to tnm within a second cylinder c c, fig. 628, and fastened by a 

thnmb-screw e ; the ring can then be tnmed independently of the tbet 

Fig. 629. 



Id the copper ring is fixed a wooden frame with a groove, into which the 
ring fits. TUa firame is destgaed to support a compass, with a needle 
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oalj 1 inob In length, and mutt; be of Bucb k bel^t Uiat (he eei^r ol tbe 
needle will coincide witb tbe center of the ring. Fig. 689 rapreseata the 
wbols ApparatoB, witb tbe simple modlScstion of cariTing oDF the wirei 
pKnUsl to each other. A needle so short as 1 inch does not admit of 
a more minate gradoation than to 3 degrees ; and the error of parallaz 
will be considered when tbe needle does not awing mnoh be^md the 
plane of tbe ring. In Sg. 629 the needle ia prolonged by threads of 
black glasB, end tbe ch«le made U^r. It is cheaper to attach to the 
cylinder a two arms c c sapporting a table d d, fig. 680, abont 6 iochM 
Fig. 680. 




wide, and 8 iocbes longer than the diameter of the ring. The ring is 
iDBcrtcd throngfa a slit in the middle, which is afterwards filled np i^aio. 
A large compass, sach as is described in § 219, may be placed on this 
table, or a graduated circle of paper pasted on it, with the tato points at 
right angles to the plane of the ring. The needle consists in this case of 
a bit of steel knitting-needle an inch long, with a socket like fig. 601. 
To this socket are soldered two wires at right angles to the needle, 
extending to the graduation. The needle is anspended by a cocoon fiber 
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from the top of the ring, by the contriyanee represented in figs. 681 and 
63S. This consistB <rf a block of wood with a groove a in the top to 
.dmtt U« ring The deptt, of tUs ^3^ 

groove 18 not qoite eqoal to the thick- J^^ ^ 

nesa of the ring, so that when the bar 
e is screwed over it the block will be 
held that on the ring. The block is 
also hollowed oat below, and the pin 
e thrust through it, taming with con- 
siderable friction. The cocoon fiber 
is wound on this pin, and passes tbroagh a smooth notch in the brass 
plate /f which is screwed to the bottom of the block. The apex of this 
notch must be exactly oyer the center of the graduated circle. The whole 
is covered with a glass case, to protect it from currents of air. The 
needle may be fastened by a similar contrivance to that described for the 
multiplier, or it may be hung on a little hook at the end of the thread. 
The instrument is thus rendered more sensitive, while it may still be used 
with the strongest currents, is more convenient to read, and can be gradu- 
ated to at most one degree. If the index wires should be slightly bent, 
the error may be noted and corrected before the needle is deflected. 

The instrument can be read more accurately by inserting a mirror within 
the graduated circle. In reading off, place the eye in such a position that 
the index wire will cover its image in the mirror; error of parallax is 
thus entirely avoided. The same contrivance can be applied to many 
other instruments, where accurate reading is necessary. 

With a tangent compass constructed as described, a compass of sines 
may be dispensed with. It differs from the tangent compass only in 
being more sensitive ; but it is more complex, and, therefore, costlier. lu 
using the tangent compass, place the ring parallel to the magnetic 
meridian, and level the instrument. It is level when the center of the 
needle coincides with the center of the circle, provided that the stirrup on 
which the thread hangs be properly adjusted, which must be done at first 
vrith the aid of a spirit-level. To fix the plane of the ring accurately in 
the magnetic meridian, the median line of the graduation must be pro- 
duced — ^vrith a diamond on a mirror — and must coincide with the middle 
of the ring. Two slits are made in the ring for the purpose of observing 
whether the direction of the needle coincides accurately with this line. 

The delicacy of this instrument, i.e. the ratio between the tangent of 
the deflection and the real strength of the current, depends upon its 
dimensions, and should be determined by a series of experiments, by insert- 
ing at the same time a decomposing apparatus like fig. 594 or 595, and 
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collecting the gas In s gndaated ti^. Oftlcniftte from each ezpnimeut 
the qnaotitf of detonatmg gaa corresponding to the tangent 1, and take 
the mean of all ; ^m this it is easy to calculate the quantity of gu pro- 
duced by a cnrrent of any strength. In this way the data of rarions 
instrnments are comparable. The tangent compass ts a mnch more con- 
Teident and reliable galranometer than the decomposing appaistoB, for 
the latter engrosses the attention of one obserrer, whereas the former can 
he read at a glance. Besides this, the decomposition of water retards the 
current, and the qnantity of gas mnst always be reduced to 82° F., and a 
pressure of T6 centimeters. 

The delicacy of the tangent compass can be Increased by making the 
ring of thick wire, wound Heveral times around a wooden hoop. Bj 
attaching binding-screws to each turn, they may be combined at pleasure. 
The diameter of the ring need never be more than 10 to 15 times the 
length of the needle. 

[808] The OOmpaas of sineB.— in this instrument the current is 
carried through a copper wire wound once or ofteoer around a wooden 
circle, 6 or 8 inches in diameter. 
^9- ^33 A magnetic needle is attached to 

this ring, so that its center coin- 
cides with the center of the ring, 
fig. 633. The ring Is support- 
ed on the asis of a graduated 
circle, the index of which must 
be at zero when the coils of the 
wire are parallel to the magnetic 
meridian When the needle is 
deflected by the current, the 
rmg IS turned until it agmn 
coincides with the dirccUon of 
the needle ; the strength of the 
current is then proportional to 
the sme of the deflection indicat- 
ed on the horizontal circle. The 
delicac} of the instrument in- 
creases with the number of turns 

of the wire. It is, however, not 

" " available for cnrrents beyond a 

certun strength, because the sines do not increase indefinitely as the 
tangents do. This instrument ia too complicated for domestic manu&c- 
tnre, and has gone, in a great measure, out of use. 
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[309] Condoctizig power and Ohm's law. — Constant 

batteries of considerable power are required to illustrate these subjects. 
The conducting wires may be wound on wooden spools, 1 to 1^ inches in 
diameter and 2 to 3 inches long, ?rith screw threads, about 1 line apart, 
cut on them. Well-seasoned pear-wood is the best for the purpose. 
The ends of the wires are thrust through holes bored at right angles to 
the axis, and fastened by a plug. Thick copper wires, 3 or 4 centimeters 
long, are soldered to the ends of the wires, to protect them. The copper 
wires with which the comparisons are made should be of precipitated 
copper melted down and drawn out The difference in the conducting 
power of the metals is made most erident by winding upon the spools just 
described equal lengths of copper, brass, iron, and German-silyer wire of 
the same thickness. A copper wire, of the same length and double the 
thickness, is also required. The thickness of the wires should be about ^ 
millimeter, and the length 3 meters. 

It will generally be sufficient to show the effect produced upon the 
tangrent compass by inserting the wires successively in the circuit If 
more than this be required, the resistance of the element, together with 
the compass and its conducting ?rires, must be determined by inserting 
the compass, first alone, then with various lengths of copper wire, and 
calculating the resistance of the element and the compass firom the tan- 
gent of each inflection, according to Ohm's law, combining each observa- 
tion with the first* But this process is too complicated for class 
instruction. The laws can be illustrated much more simply by means of 
the rheostat 

[310] The rheostat. — This is a contrivance by which varying 
lengths of the same wire, accurately measured by the instrument itself, 
can be inserted in the circuit without interrupting the current. Bunsen's 
apparatus will serve to illustrate the use of all similar instruments. 

Bunsen's rheostat consists of a wooden cylinder, about 4 inches in 
diameter and a foot long. A screw, with threads about 1 to 1^ lines 
apart, is cut on the surface, and brass or German-silver wire, ^ to 1 
millimeter thick, wound in the threads. The cylinder is turned by a 
crank on an iron axle, to which a wire is attached leading to the battery; 
the beginning of the brass wire is also connected with the axle. From 
the wire, the current is carried through a brass slide which fits into the 
thread of the screw, and presses constantly on the wire. When the 
crank is turned, this piece slides back and forth, so that more or less of 
the wire can be inserted at pleasure 

* By oombioing all together we obtain numberfl greater according to the length 
t>f wire inserted, beeaoae the polarisation changes. 
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Figs. 634 and 686 represent this apparatai, { tlie rati rise, except the 

threads, which, for the sake of distinctness, an nude 4 tdmes too large. 

Fig. 634. 




The corrent is Introduced, for iDstanee, thTongh the clamp /, passes 
through the iron axle, and from this to the wire at b. From the wire It 
passes to the elastic piece of brass vhich slides npon the brass rod d c. 
An index fixed to one end of this slide indicates the nnmber of turns 
between it and the end of the wire at b. The 
slide is pashed forward b; a small block of wood 
with two or three threads fitting those of the 
cylinder. Pi(;. 636 represents this slide. The rod 
c d ia loose in the frame, and is pressed against 
the cylinder by two springs. The tube of slide is 
slit, to make it more elastic. 

The primary design of the rheostat is to render 
the force of the cnrrent constant, when the resistance 
or the power of the element changes. 

Any other resistance may be expressed in terms 
of the length of rheostat wire required to produce 
the same effect, by placing the index of the rheostat at zero, inserting 
the resistance, and noting its effect on the compass, and then, after remov- 
ing the resistance, turning the rheostat nntil the needle is deflected to Ibe 
same degree. The condncting power of different kinds of wire of the 
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BUM fength ud thickncaa wIU be Invenely proportioned to the len^ 
of the wire of tlifl rheostat required to {voduce the eame effect, tbu 
obTistiDg the nncertsin determlnttfon and tediooB calculation of the 
resistance of the element. Ohm's law ma; be Hlostratad in the same way, 
by inserting sncoeaiTdy wires of varying length and thickness. 

The condncting power of good copper has been shown by these expert* 
nnnts to be almost fonr times that of the best brass ; and, therefore, as 
the price of copper is not more than one-half greater than that of brass, 
it is cheaper to nse the former for all galvaiiic apparatns. An advant^e 
is also gained by being able to use finer wire, which is easier to handle, 
and occnpies less space. The rise of the wire is of still gieaUr importance 
when it is wrapped with silk, a wire of doable thickness requiring twicd 
as much silk. Wires of from 3 to 8, 1 and ^ millimeten thickness, will 
be snfficient for almost every purpose. 

[Sll] Measure of r^stanoe. — The standard now generally 
assomed, for the measnre of resistance to the galvanic current, is the 
resiitBDce of a copper wire 1 meter long and 1 millimeter thick. The 
copper most be chemically pnre, and not stirred with an iron rod daring 
fiision. It is not necessary that the wire shoold be exactly I millimeter 
thick, if its sise be accnrately measnred. This can be done with most 
certainty by means of a micrometer screw nnder the microscope. If the 
length and thickness of the wire coiled on the cylinder of the rheoatat be 
known, it is easy to calcnlate its resistance in terms of the given nnit, 
which shonld be written on the cylinder. 

In many experiments it is ^Yo esv 

necessary to insert quickly a 

giTen resistance in the circuit; 

for this pnrpose, Eisenlohr'a 

c<^aiim of resistance, fig. 631, is 

very convenient. It coodistB of 

a cylinder of mahogany, or 

other wood saturated with oil 

varnish, in which aboat nine 

rings are cnt The spaces be- 
tween these rings are bound 

with brass bands, and a little 

brass bar, taming on a screw, 

made to extend from one to 

the other, as represented In the 

figure; these bars mnst be 

slightly bent, so as to press with some force on the bands. Wrapped 
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wire, whose reaiEUnce is known, is wound in these grooTes, the Rhortest 
length containing the assnmed nnit once, or an dren nnmber of times, 
which Is marked on the column. The length of the coila of wire ia the 
snccessiTe groovea increaseB ftom 1 to 9; the ends of each win are 
soldered to the two nearest bands, the npper band bdng connected with 
the screw a, and the lowest with 6. When this column fs inserted, the 
correut pasaee through the bars, whose resiBtance is incoiuiderable; bat 
If one of the bars be wanting, as in fig. 6S1, the current must pass throngfa 
the intervening wire. 

[818] Condnoting power of liquidfl.— To show the great 
redstance which liqnids oppo§e to the gfihanlc current, we need onl^ 
insert in the circoit a Toltameter, and, noting the effect on the tangent 
oompasa, it will bo evident enough, even when the electrodes are rwj 
large ; in this case, however, the batterjr should conuat of fbwer and larger 
ekments. 

Fig. 688. To measure actnallj 

the resistance, make a 
wooden trough, 4 or 6 
inches long, A A, fig. 638, 
and cement it with seal- 
ing-wax. In this trough 
place two mov^le boards 
a a, the edges of which, 
extending over the sides, 
will serve as indicea to 
the Bcale. To each of 
these boarda is attached a platina plate, soldered to a spiral copper wire, 
the ends of which are fastened to the trough. The liquid ia placed in the 
trough, and the plates placed at any conveuient distance from each other; 
afler observing the compass, the wire of the rheostat is substituted for the 
liquid nntil the same defiection is produced. Since Ohm's law holds for 
liquids as well as solids, the resistance of the stratum of liquid can or 
calculated from the length, breadth, and thickness, when the resistance 
for the nnit of section and length is known. 

(e.) EZFERIMEKTS ON ELECTBO-MAdirETISX. 

[313] Electro-magnets. — These can be made at home at a com- 
paratively moderate cost. Soft, round, charcoal iron is beet for the 
purpose. Have & horseahoe bar made of this, about the thickness of a 
finger and 10 or 12 inches long; after coating it with clay, heat it and 




PHTSICAL EXPBRIHENTATION. 



869 



Fig. 640. 



leave it to cool amoog tiie en^era, ia order to sfaotr the aboost total loss 
of magnetism when the cuirent ceaaes. Wind copper wire, wrapped with 
■ilk or wool, closelj aronnd it, leaTing the bend free, and pasa on from 
one dde to the other, making the tarns on both ndes in the same direc- 
tfcm. A single layer of wire, jsj_ gsg, 

1 line thick, will impart, 
with a strong batteiy, a 
very considenfalo attractive 
power. The annatnre is 
made like those of ordinary 
magnets, figs. 639 and 640. 
To make a powerful elec- 
tro-magnet for magnetiziDg 
■teel, etc, prepue a bar, 3 inches in diameter nad 3 feet long, in tbe 
manner Just descritied. Tbe armature should be provided with a book, 
Fig. 641. 





and its npper surface made Bomewbat convex, aa in fig. 640. Fasten the 

mi^et on a stout wooden frame, like fig. 641. The post a has two steel 

24 
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bearings for the ezIb of an iron lever. The longer arm of the lerer ia 
graduated, and carries a eliding weight of 26 to 60 ponndB. The post b 
is to catch the lever when the armatore is palled off. The bmd of the 
magnet is let into the base, and held down by a stont bar Bciewed OTer iL 

Several layers of copper wire, abont 8 milUmeters thick, mnst be tued, 
in order to impart to the magnet a power eqnal to several haodiedweigbt 
The ends of each layer may be kept separate, and combined at pleasora. 
It ia advisable not to wind the wire directly on the limbs of the mBgne^ 
bnt on thin wooden or pasteboard spools. The spools mnst be slipped 
over wooden cylinders, to prevent their being crashed dnring the winding. 
Each layer of wire is separated by a sheet of paper. The ends of ^ 
spools are finally cat down to within 8 lines of the wire. These apitftla 
can be ased separately for many experiments. 

As it is difficalt to bend iron 2 or 8 inches in diameter without altering 
its thickness, two stnught pieces may be connected by a short bar and 
two strong screws. 

If there be a machine-shop near by, it is tiest to have the armatare and 
the ends of the magnet pluied ; it is then easy to grind them perfectly 
even. The ends of the m^^t shonld not be left roand, bnt squared 
Fig. Hi. 




off to oiie<ha]f the diameter, as seen in fig. 642. The aarfaee of the arma- 
ture Is made jnst the same width. 
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Ilg. S49 representa on electro-ma^et with a fl-ame designed for great 
m^ta. Its poles an directed apward ; the Bpirals ue enn with the 
top of the table, and can be easily taken oat 
F^. 848 lepreMnts a section through the ^- ^^8. 

Ihsteninga of the bar, which lies between the 
posts a a, which support the spirals also. 
The nnta 6 b, which hold the bar to the 
baae, snpport also the stirnip c, fig, 613, 
into which the end of the bar S, Gg. 
949, is insntod; d, fig. 643, is an iron 
plate let into the base, against which B 




To exhibit the power of the magnet, lay 
theannatore, withoattbe stirrup £, fig. 644, 
on the poles within the iron arch D, which 
rests on the frame; fasten the stirrup to 
the armature bj its Iwit, and insert the lever, 
as shown in the fignre. The IcTcr lies in 
the same plane with the bar B. The longer 
ann is t«n times as long as the shorter. 
Hang a spring balance on the longer arm, 
and connect it by a chain and screw-conpling with the bar B. The arma- 
tnre is torn loose by toming the screw, the balance indicating ^q of the 
strain. The armature is prevented from moving any great distance, by 
the projections x y on the arch, which is itself held down by the hook u, 
fig, 642. The apparatus remains in complete order after the parting of 
the armature. 

The poles <^ the m^net are made to project above a little table, in 
order to use it in experiments on diamagnetism. 

In order to obtain the mazlmnm effect, the reeistance of the battery 
mnst be equal to that of the conductors ; knowing, therefore, the resistance 
of one element, and the length and thickness of the wire, it is a matter of 
simple calcnlation whether the elements should be combined singly, or by 
twos or threes, or nsed as a single element. Let N be the number of 
elements, vs the resistance of one of them, I the resistance apart from the 
battery, and n the number of pairs to prodnce the maximum effect; 

then n =ai. ffL, and — pairs are to be combined in one, therefore n 
\ tD n ' 

must have snch a valne as to make - a whole number. 
It is well to mark upon every snch spiral the length and thickness of 
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the wire, eTsn thongh there be no preMnt necessity for knoiriog its tedst- 
ance; it nmj afterwardB be required for other pnrposeB. 

Fig. 644. 




Fig. 645 represents an armatnre for testing the strength of the poles 
separ&t«l7: a b and a' b' are iron screws, c c a thick biasa plate, and d d 
a bar of beech-wood. The hook e/ is made of 
brass. As the strength of the polea depends 
on the mass of the armature, the plat«e 6 y 
most be several inches thick. 

[314] Uagnetiziiig hard steeL— In 
order to impart permanent magnetism to bard 
steel by the galvanic cnnent, wind 7 or 8 
meters of silk-wrapped wire, 3 millimeters thick, 
into a coil, like fig. 646. The size of the 
inner space depends on the size of the steel ; the length of the axis of the 
coil shonld not exceed 3 centimeters. Place the steel within the coil, 
and pass through the latter a powerfnl coirent, firom Qrove's batterj, 
with abont 40 sqnare Inches of platina, moving the bu 6 to 80 times 
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twek and forward. Arrest the motion «t the middle of the bar, taking 
care that each half has been passed throng^ the coll an equal number of 
times, and break the drcnit If the bar be a horseshoe, apply the anoa- 
tore, and do not ranore it to take oat the bar nntO the circuit is liroken. 



Fig. 648. 




This method is not adrantageons, thongh less tronblesome, nnless a 
powerftil cnrrent can be obtuned. It is mnch better to employ the same 
wire and the same current to magnetize a horseshoe bar of iron, 1 or 6 
ponnds in weight, and use this to magnetize the steel, with the double or 
eren the single tonch. The poles of the electro-magnet mnst be close 
together fbr the double tonch, else it !s apt to produce succession points. 
With Tery powerfol cnrrents the double tonch cannot be used, because it 
is sore to produce such points. 

[816] Electro-magnetlam as a motiTO power.— Fig. ui 

represents a rerj simple contriTance for prodocing a continuous rotary 

motion, by means of an eleotro-magnet A. circular cavity a 6 is made in 

the board MN, fig. 648, and divided into two equal parts by a partition 

Fig. 647. Fig. 648. 





<rf tome insulating substance, 1 or two lines lower than the depth of the 
csTity, and !) lines thick. A pointed steel wire is driven into the projection 
left standing in the center of the cavity, (by seizing it with a hand-vice and 
■trikingthia.) An iron rod, wrapped with insnlated copper wire, it balanced 
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on this piTOt, BO as to torn fireel; like & magnetic needle. Tke bar maj 
be covered with silk, aiid wire coiled around it^ keeping the tnnu a littte 
way apart The ends of the wire are bent downward, and dipped into 
the mercnrf in the cavity Jnst deep enough to clear the partltkm. A 
copper win c d connects the meicarT in each half of the cavity with a 
battery. Mercury is poured into each side until the convex inrface rises 
above the partition bnt does not flow over. A bar-magnet, abont the 
aame length as the electro-magnet, is fixed horlsontally a little way above 
it. The action of the apparatus Is evident 

Another more complicated apparatus for the aame pnrpoae Is repre- 
aented in fig. 619. A horseshoe m^^et is fixed upright on a board, and 

Fig. 649. 




the electro-magnet A B made to revolve above it The axle of this 
carries a wooden drum, to the circumference of which two brass plates 
are fastened, with a space of about 1 line between them ; one end of the 
spiral is soldered to each of these plates. The vacant spaces are at the 
ends of a diameter, at right angles to the length of the electro-magnet 
By means of the metallic springs f g a commnnication is made with the 
battery, nntU the electeo-magnet passes the poles of the steel magnet 
when it is broken, and the current immediately passed in the opposite 
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dinetioiL The frietion of the aprings offers more resistance than the 
wires meet in passiDg through the mercnry. 
A cheap and simple working apparatus is represented in Sg. 650. The 
Fig. 660. 




electro-magnet ABia Bnbgtitued for the steel magnet The constmction 
of the apparatus is evident fW)m the drawing. The bin ding- screws a b 
are connected with the whre of the fixed magnet, and c d with the opposite 
sides of the mercnrj cnp. It is better to employ two separate cnrrents 
than to send the same cnrrent through both spirals. In the latter case, 
the cnrrent mnst enter at a and pass oot at c, b and d being connected. 
The fignre is on a scale of 1 to &, and it would require a strong current 
to r^se the weight represented. 

[816] The electric telegraph. — if a well-made working model 
cannot be obtained, the apparatus fig. 651 will serre to show how tele- 
graphic ugnals can be made by electricitj. Two boards, Jf JVand P, 
are fixed at right angles to each other, and to one of them is attached s 
little electro-magnet of soft iron. A small clock bell is fhstened near it. 
The ends of the spiral are fastened to JIf N, and connected with the poles 
of a distant battery. The wire b, which serres as a hammer, Is elastic. 
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ud bu oppoBito the magnet t piste of soft iron. The podtton of tUi 
wire and the length of the cross piece ehonld l>e anch that when tm, 
the farther knob will be 0*1 line 
Fig. 651. ttom the side of tiie bell, and the 

plate 0'6 line from the magnet; 
and when attracted by the magnet, 
the nearer knob wQl be 0*1 line 
from the belL To preTent the 
magnetism remaining in the iron 
after the corrent ceases th>m hold- 
ing tiie hammer fast^ thef are kept 
fh>m actual contact bj a piece of 
paper pasted on the iron plate. 
By opening and closing the circnit, 
the hammer will be made to strike 
the beO by the alternate attraction of the magnet and the elasticity of the 
spring. A considerable nnmber of conventlona] eignt can thos be made. 
The principle of the English needle telegraph can be shown with the 
galranometer, by hiserting a pole-changer, and nsiiig a very fbeble current 
[817] Ampere's stand. — -A. simple form of this indispensaUe 
apparatus, which ia tolerably easy to make, is represented in figa, 669 and 
658; a d c are three brass plates let into a piece of hard wood, their 





slightly convex Borfoces rising in the middle, a veiy little above the snr 
ftce, binding-Ecrewa or wires being attached to all; and a and c are 
connected with each other and with the screw (£ by a wire sunk in the 
wood. The middle plate is connected with the screw e. Two other 
plates, g and k, are fastened to the board, and npon these two otheta, 
t and k, turning on screws passing through them and the two former; 
k and i are connected by a block of wood fastened by a single screw from 
below, so as to tarn freely. This block may be loaded with lead. It ia 
evident when the plates t k are in the position shown, and a or e con- 
nected with the positive pole and b with the negative, the plate j; will be 
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connected vith the poaitiTe; but if they be placed as indicated by the 
dotted linee, g will be connected vith the n^^tive and h with the poritive. 
In an intermediate poslljon they will not fonn part of the circuit. 

Two thick braaa wirea, r e and r* «', fig. 653, are inserted in the ends 
of g and h, and &stened by nuts and screws below. These wires are bent 
at a right angle and terminate in mercnry cnpe, which stand vertically 
over each other and abont 8 inches apart The wires are separated by 
Mta of wood, and the whole wrapped with silk. The mercnry caps are 
very shallow, and a bit of watch-glass is cemented with sealuig-waz to 
the botom of the npper one. The cops should be both rireted and 
■oldered to the wires. Before nse they should be scraped bright in spota 
on tlie indde. 

' f 




[818] The pole-Ohanger. — Among the nnmerons contriTsocei 
for this pnrpose, none Beenu to the anthor so eanly understood as the 
one jost described. Those pole-changers are preferable which do not 
require die nse of mercnry. 

It Is GOnTenient to have a pole-changer independent of the rest of 
Ampere's stand, which can be made by pntting binding-screws in the place 
of the wires a a', d and e (fig. 653) bemg then gnperflaoua. In ndng 
the pole-changer it Is important, not only that the conrse of the cnrrent 
should be perfectly clear, bnt that the instrument ehonld occupy little 
apace, and be easily inserted in any chnsnit The pole-changer dcTised 
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b7 Prof. J. Httller, uid npnseuted in Itg. 654, on * sctle of i, b Mbninbk 
(n all these respects. It conaiBts in a wooden oyUnder, tonilng <m bb Itob 

1^.654. 




axia by a crank. The ends of thia roller are bonnd with metallic rii^ 
g h, to which the metallic plates i k and d / are soldered on opposite 
sides. Two of thene, d and i, are of the same breadth as the rings ; bat 
the other two, k and /, extend bejond the middle of the roller, not, how- 
ever, to the other ring. The foar binding-screws, a h m n, rest npon 
metallic springs, which rub against the roller. The screws a and b are 
connected with the poles of the battery, and m and n with the rest of the 
circnit. In the position shown in the figure, the current goes from a to 
the plate t, thence throngh the ring and the plate ;t to ni, from which it 
passes through the required circnit to n, and thence through /, h, and b 
back to the battery. By making a half turn of the handle, the spring a will 
fall on k, and the current will pass from it to n, and thence through m, /, 
h, and d, in a direction the reverse of the former. When the arm I is in a 
Tertical position, the springs m n rest on wood, and the circuit is, there- 
fore, broken. Care mnst be taken that the springs be qaite smooth, so as 
not to abrade the plates, otherwise the particles of metal will render the 
wooden cylinder a conductor. When the plates are made of the thtckneii 
Indicated in the figure, the springs need not toach the wood. 
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Bj luiaf; meTcnrj, a ney coDvenieiit pole^aoger can be made at a 
trifling expenie. Take a board, ABC, fig. 665, 3 inchee wide and 4 in 
Iwgth, and bore in it 6 holes, 

half an inch in diameter. ^9- S65. 

Fasten copper wires b/ 
staples in the positions shown 
in the Ogore, keeping the 
two which cross each other 
apart Fasten two bent 
wires in a bit of wood as 
long aa the space between 
the holes 6 and 6, and across these &eten two others, as seen In the 
fignre, jmt long enough to clear the hoard when the first two stand 
upright in the holes 1 i. The least impnlse will throw this cradle fh>ni 
one side to the other. Fill the holes with mercnrj, and amalgamate the 
ends of the wires, attd the apparatns is complete. The current is admitted 
at 1 and 4, and goes oat at 5 and 6. The arrows indicate the conrse of 
tiie cnmnt for the position given. 

[319] BotatiZ^ conductors. — The condnctors to be hung in 
the caps s a', fig. 663, are made of copper vires, well wrapped with silk 
at the point where thej are tied together. The steel points are soldered 
to the copper, and mnst be brightened before using the apparatus, for 
iron in contact with copper rasts easily, especially when soldered with tin. 
For this reason the points should not be made of very thin wire. The 
copper should be flattened, and the points both rifeted and soldered. 
The town wire, wiiich need not be pointed, most be exactly in the axis 
of rotation, otherwise the mercury will offer too mnch resistance to its 
naotiou. The condnctors, figs. 666 and 65T, are made as large as the 
horiiontal anns of the supporting wires will admit. 



Fig, 666. 



Fig. 651. 





To show the efl'ect vt a second corrent, condnctors like figs. 65S and 
669 are preferable, because they are astatic in respect to the terrestrial 
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magnetkm. The first is for horizontal^ the latter for Tertical enrreiita. 
Where the wires come together they are insulated either hj slips of eoA 
or by wrapping one with silk, and bonnd together with silk. 



Fig.%b8. 





Fig. 660. 



Besides the conductors figs. 656 and 657, we must have two wires of 
the shape of fig. 660, fitting into the binding-screws d e, fig. 654. The 

one must be bent, so that the straight por- 
tion will stand upright between the screws 
d and e, while the curve projects out 
behind the board ; it serres to exhibit the 
attraction and repulsion between the verti- 
cal parts of the conductors, figs. 657 and 
659, the two rods which support the latter 
not acting on them, because the current 
passes in opposite directions in the two. 
It requires a tolerably strong current for 
this experiment^ because it has a consider- 
able circuit to traverse. The second wire, like fig. 660, is bent so that 
when inserted in the screw the straight part a b will Uq in a horizontal 
position just below the horizontal part of the conductor, figs. 657 
and 658, in order to show the effect of rectilinear currents crossing each 
other. 

The helix. The ordinary form is represented in fig. 661. The wire 
begins in the middle, passes from one end to the other in the axis of the 
spiral, and makes the same number of turns in returning to the center. 
The rings should not be less than 2 inches in diameter, and the current 
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must trayene them all in the same direction. Small rings give the appa- 
ratos more the form of a magnet, but they have not sniBcient rotary force. 
The rings are tied with silk, at eqnal distances, to a slip of wood. In 
the form figured, it is difficult to make the rings neatly. It is easier to 
make the coil entirely first, tie it to the bar, and then bend the ends of 
the wire together, fig. 662, in the center. 



Fig. 661. 



Fig. 662. 



1 
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The ends of a second helix are inserted in the binding-screws d e, fig. 
654, to show the effect of two helices on each other. Many helices do 
not work because the wire is too slender ; it should be oyer 1 millimeter in 
thickness. There is less to fear from the increased weight than from 
enfeebling the current, for the resistance of the helix is considerable. 
The action of a steel magnet on the helix can be shown under almost any 
cixcumstances, but with terrestrial magnetism only it requires nicer con- 
stroction. This action is easily seen in the conductors, figs. 656 and 657, 
because they are large. 

It should be remarked of this apparatus, that the diyision of the current 
between two conductors makes both branches weak, and as they are 
nnequal, the result is often doubtful, unless a strong current can be pro- 
duced. It is better, in such a case, to pass separate currents through 
the two conductors. A Qrove's battery, with 10 to 12 square inches of 
platina, is sufficient for any form of the experiment; or six Bnnsen's 
elements, three being used for the fixed and three for the moyable con- 
ductor. 

If only limited means are at command, the stand may be made in the 
form of fig. 663 ; the two rods then attracting and repelling the rotating 
conductor, it must place itself in the plane of these rods. A single 
Wollaston's element is sufficient for this. 

The attraction and repulsion may be exhibited well in two coils of 
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copper ribbon, niBpended br strips abont 8 ftot long, u Mta in Sg. ftU, 
% pole -changer being inserted In one circolt 
Fig. 668. 



Rg.irn. 




H 



Fig. 6G5. 



[320] Floating OUrrentS. — The easleat mode of shoving the 
effect of magnets and terrestrial magnetism on a movable carrent, is to 
float the condnctors. Take a Wollaston's element, 
made of 1 to 1( square inches of thin zinc. Solder 
copper wires, 1 to 2 millimeters thick, to both metals, 
and tie the plates together with waxed thread. The 
element mnst be made as light as possible, that the 
wire may be larger. After the plates are pot 
together thrast the wires through a cork, bend them 
into a ring, and solder them together. The ring 
may be made of sereral tnma and the ends soldered 
to the plates after being thmst through the cork, 
fig. 665. If this element be floated on acidnlated 
water, the ring will take a position at right anglei 
to the magnetic meridian, or parallel to a straight 
current passing over it. The effect of & magnet is 
most striking when it is bnt little longer than the 
diameter of the ring, aod is held horizontally near 
the wire. 
[321} Botary apparataa. — Among the Tsrioos contrivances for 
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Fig. GG6. 



producing the rot&tion of a carrent aronnd a magnet, or vice versa, the 
following are vorthj of notice for their simplicity and certainty. 

(a) Have a traj made of zinc, like fig. 666, 
wiUi a broad strip of copper soldered acrosa the 
middle of it, into which screw a stoat copper 
wire, terminating in a mercury cnp. Fill the 
tray with acidulated water, set it on a littie per- 
fbrated stand, fig. 66T, and place the steel pivot 

of the copper conductor, Gg. 668, in tlie mercury cnp, and the ring in the 
Uqnid. If the pole of a magnet be held in the apertnre in the center of 




the disk, as represented in fig. G6T, the nng will begin to rotate. Instead 
of the magnet, a coil of insnlated copper ribbon, about 80 feet long and 
^ Inch wide, may be laid aronnd the ontside of the zinc disk. The left 
side of fig. 669 represents a modification of the same apparatus. The 
copper band is bent Into a stirmp, by which the whole apparatus can be 
hnng on one limb of s horseshoe magnet. 

(b) The right side of fig. 669 represents another rotating battery. A 
wooden cup a a is slipped orer the end of a horseshoe mi^et, and kept 
there by a spring. This cup contains mercury, and a little carity is made 
in the pole of the magnet lu which a pivot rests, supporting several wires 
which dip into the mercury. A. pointed wire from the rod In the middle 
dips into a mercury cop on the top of the pivot A rotary motion begins 
as soon as this wire and the wire b, communicating witii the mercury in 
a a, are connected with the battery. 
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(c) Fig. 670 represents the rotation of s helix uonnd tbe pote cl * 
magnet, the poles being changed, as expl^ned in § 815. A honetboe 



Fig. 669. 



magnet ti sapported on a 
brass tripod, which can be 
naed for the forgoing appa- 
ratns, and in the center of It 
a bnun rod b sUdiog fai the 
tnbe a. This rod E1^>poTla 
% disk of wood, witii a circa* 
]ar basin for mercnij. A 
low rim of glass or paste- 
board is fixed around it, to 
prevent the spattering of 
the menmrj. Each side of 
the basin is connected by an 
amalgamated wire with a 
binding-screw, one of which 
is visible at c. The rod h 
passes throagh the block 
withont commnnication with 
the mefcnr;, and has a hole 
in the top, in which the 
pivot of the copper bar k k 
tnms freely. Two coils of 
wire s a, consisting of 12 to 
IS torns, arranged in 2 or 3 
layers, are fastened to the 
ends of this bar. One end 
of each coil ia tied with silk 
to the bar, and tbe other 
carried, withont contact, 
along the bar to the center, 
where it dips into the mer- 
cury. The current IxaTerses 
both coils in the same direc- 
tion, and they rotate like an 
electro - magnet when the 
binding- screws are connect- 
ed with a battery. 
{d) The foUowing appa- 
ratns produces rotary motion withont the aid of a magnet. A, Gg. 611, 
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is » mercnry cop dMded into two ports, arooDd vhich is placed a ring 

B B, fonned of three lajen of InanUted copper wire with 6 tarns in 

each, laid in a grooTe a a, as seen in sectioo in fig. 6T3. 

The ends of the wire are amalgamated and thrust 

obliqnelj tlirongh the bottom Into the mercarj, one on 

each side. A second ring C C, ezactlj similar, turns 

on iTorj bearings around a steel rod, Eg. 613, fixed in 

the center of the mercury enp. The lower bearing rests 

on a brass shoulder on the rod, and the ends of the wire 

dip into the mercnry. The mercury cap is fixed on a base famished with 

leveling-Bcrews, and with binding-screws connected with the mercary. 



Fig. 671. 







Fig. 618. 




The cnrrent dlTides itself pretty equally between the two rings, and is 
reversed in the movable one. The axis of the inner ring might be made 
to tarn with IL 

(e) The eadest method of making a magnet rotate by a galvanic 
cnrrent is represented in section in figs. 674 and 675. A tumbler is set 
in the board MM, upon the bottom of which is cemented a hit of wood 
with a steel point In the center. For the magnet, take a bit of roand 
steel, S inches long wid S to 3 lines thick, turn it accurately on the lathe, 
then harden, polish with emery, and magnetize it. Fit a cap of hard 
wood or bone a a around the pole N, and set the magnet between the 
st«el pin below, and a screw b fixed in the brass brace c d, allowing it a 
little play. The'wire e is bent into an elastic ring, so as to fit clos^j 
agfliost the inside of the glass, and amalgamated. Poor some mercnij tat 
25 
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the cop a a, tna enoogh in the tninbler to boo; np the magnet so that il 
will jiut float between ita two bearioga, and tars very easllj. The acrew 
Fig. 676. 




b must work rather stiffly. The battery is connected with the win e utd 
the brace c d. If the cap be placed on the pole S, or the current reversed, 
the magnet will rotate in the contrary direction. 

Some snch rotary apparatus mast be exhibited, and the explanation of 
otheiB will serve as a good task for practice in the theory. 

if.) EXPTJTtTTffKWTB OH IHDUCTIOH. 

[322] Winding inBUlated wires. — When InsDleted wires are 
wound on spools, they shonld be either wooden spools with very thio 
walls, or tnbea of pasteboard with wooden disks, about 3 lines thick, glued 
to the ends. In metal spools, the ends should be 2 millimeters and the 
shaft ^ millimeter thick ; but they must be slit their whole length and the 
Space filled with some non-conducting substance, otherwise secondary cnr- 
renta will be induced, which disturb the resnlL In winding, a wooden 
ping must be fitted tightly into the tube, to prevent its being compressed. 
Tarnished paper is laid between the several layers, so that if there is any 
imperfection in the insnlatioD the current cannot pass from one layer to 
the other. Imperfections of insulation shonld be mended during the 
winding, by wrapping varnished paper or silk aroaud the spot. 

For experiments on tension, the wire must be varnished before winding. 
To do this without gluing the whole together is a tedious task. It can 
only be done rapidly in the open air, by standing at such a distance from 
the spool that the varnish will dry before it reaches it For many pur- 
poses it is recommended to varnish, moreover, each layer; In this case no 
paper is required, but each layer must dry thoroughly. 
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Thick wires thonid be wonnd by band, and require the aid of anotber 
penon. Thin wireB can be wonnd very rapidly and imootbly by fixing 
tbe spool in a lathe. 

The endi of die wires are ganeraUy thmst throngh the ends of tbe 
spools, bnt tbey ongbt in addition to be tied with silk. 

[3S3] BibtWn-OOilS. — Flat coils of copper ribbon are needed in 
many expeiinents. The ribbon shonld be of nnifbrm breadth, and tbe 
joints filed down to the thicknesB of tbe 
rest A ribbon of silk or wool a trifie ^- fi1«- 

wider is laid between the several tnniB, 
and the whole bonnd fost with silk. In 
most cues the connecting strip mnst be 
soldered on at right angles to the coil. 
A strip is soldered to tbe inside, well 
wrapped, and brought to tbe onter edge 
at a ; here a strip is soldered at right 
an^es, so as to lie flat ag^nst the spiral, and another piece at right 
angles to this, which is bent oat at b. The spiral is generally closely 
wnpped with ribbon, li tone of which are represented in 6g. 676. 
Fig. 677. 





[824] The fnndatnental laws of galvanic indnction can be illnstrated 
very nmply by two spirals, A and B, fig. 677. Each contains abont 100 
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feet of irell-insalsted wire; aod the Bmaller can be placed indde the 
larger, wfaofle walls are ver^ thin ; for which pnrpow the ends of tiie win 
are thraet throogh the handle. The cylinder B h also hollow, to admh 
an iron rod about 2 lines thick. To age the appsratiu, connect the ends 
of the coil A with a galvanometer, and B with the battery, without insert- 
ing the rod. If B he qaickly placed inside A, the galvanometer needle 
will be deflected, and again on removing B after the needle has cmae 
to rest. When B is left in A, the needle is deflected whenever the 
circnit is opened or closed. The same resalt, and even stronger, is pro- 
duced by Dsing a m^net instead of B. The effect of the coil is increased 
bj inserting the rod, for the hypothetical current produced in it by the 
cnrreut in B, rotates in the same direction as that hi B. For these 
experiments, the galvanometer ought not to have over 900 to 300 turns. 
If handles be ihstened to A, and the current in B interrupted by a spur 
wheel or a Ble, a Wollaston'a element, with about 12 square inches of aine, 
will give perceptible shocks, even vrith this short wire. 

[385] To obtain a very powerful inductive action, wind 1900 to 
1800 feet of well-insnlated copper wire, ^ to | of a millimeter in 
diameter, on a cylinder like A, fig. 677. Over this, wrap abont 100 feet 
of wire, 9 to 8 millimeters thick. Attach handles like fig. 588 to the 
ends of the small wire, which are thrust through the end of the spool 
Connect one end of the thick wire with the pole of a feeble galvanic 
battery, (a Wollaston's element, with 3 or 3 sqaare iaches of zinc,} and 
the other end with a file. When the other pole-wire is drawn over this 
file, any one taking hold of the handles, with moist hands, will perceive 
very sensible shocks, which will be increased by inserting a rod of iron or 
a bundle of wires inside the cylinder. This bundle should be coated with 
sealing-wax. fig. 6T8 represents the apparatus complete. The ends of 
Fig. G78. 




the wire to which the handles are attached should be abont 2 feet long, 
for many persons are very sensitive and iojare the apparatus by throwing 
the arms apart It is well to direct the person who receives the shock 
to let the handles drop when the shock is too severe ; though this is often 
impossible, on account of the spasmodic contraction of the hands. 
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[326] Th6 extra onrrent. — After nniting tae two wtrea, attach 
to one end » handle and a file bj binding-BcrewB, connect the other end, to 
wUek • handle ii attached 

hi the Mine way. with the ^- 619- 

battery; a person taking 
hold of the handleB, while 
another panes the pole- 
wire of the battery over the 
file will receive shocks from 
the extra current Fig. 6T9 
represents the arrangement 
The apparatas may be made 
mnch more convenient by 
placing the cylinder in a 
little frame, as in fig. 680, 
irith two little grooves in 
the baae to receive the ends. 
The ends of the wires are 
connected with fonr bind- 

ing-icrewB, like fig. 549, fastened to the top of the frame. The intemip- 
tions of tiie cnrreat can be regulated better by using a spnr wheel, flg. 684, 
instead of the file. This wheel is 
nsually fastened on the top of 
the frame, the free end of the 
■prlog being in connection with 
the binding-screw No. 1, through 
which the current is introduced; 
and the wire connected with the 
axis of the wheel is one end of 
the thick spiral, the other end 
being connected with the binding- 
screw No. 3. The ends of the 
fine wire are connected with the 

screws 3 and 4, to which the m 

handles are attached for the ex- 
periments on iodnction. To obtain the extra current, connect two bind- 
ing-screws by a wire, so that the cnrrent will traverse the whole coil fn 
the same direction; these two screws mast be marked directly after 
making the coil, for an error may arise afterwards. The handles are 
tlien attached to the thick wire connected with the axis of the wheel and 
to the end of the fine wire, which passes to the battery. 
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[S2t] A rwj simple urangement, called tba Dugnetic luiininer, may 
b« inbstitnted fw the spur wheel. Futeu the frame, Sg. 680, betweeo 
two cleats npon a board, fig. 
Fig. 681. 681, and place the iron rod 

in the cjlioder. Screw a 
piece of soft iron b, wMoh 
hu a emooth slightlj cod- 
Tez snr&ce, to % bit of btau 
wire a, about a line thick, 
and pointed at one end. 
The point is amalgsDiated 
and a hole bored in the 
center, hj which it is riveted to a copper wire c d e, beaten fiat at the 
end to serre as a spring. The hammer is fastened to the board so that 
the iron will strike about the center of the cjlinder. The wire odea 
made long enough to reach the binding-screw 1. A second wire /g, 
terminating in a little amalgamated disk, is also fastened to the board. 
The spring of the hammer is so arranged that the point just touches the 
disk h. It is belter to solder a little plate of platina to the disk h; the 
piece a b maj then be made entirely of iron, and a little platina tip 
soldered to it, which renders amalgamaUon unneceesary. The magnetic 
force is also greater in a long piece of iron, and the apparatna conse- 
qnently acta better and with a feebler current A current introduced at 
f will pursue the coarse f g h a c d e I, and pass from thence to the 
thick wire, and out at 2. The iron core is thereby magnetized, and 
attracts the hammer a b; this breaks the current, and the iron, losing its 
magnetism, the spring carries the hammer back to h. 

The same arrangement can be ased for the extra corrent. It is done 
by attaching a handle io c dehy the screw 1, connecting the two wires, 
and attaching to the fourth screw the second handle and the wire leading 
to the battery. 

[328] Reinsch has devised an induction apparatus very well adapted 
for instrncUon, which is represented about ^ to ^ the real size in fig. 682. 
It consists of two cylinders fitting inside of each other, each wrapped 
with about 100 feet of wire of different colors. The inner one is hollow 
also, to admit a bundle of wires. The board A is screwed to the base, 
after fastening the binding -screws from below, and has an aperture jnst 
large enough to admit the larger spiral. The ends of the onter or of the 
inner spiral can be connected with the screws 2 and 3, and those of the 
other, together with the wires of the galvanometer or the handles, with 
4 and 5. The circuit may be broken by the magnetic hammer. The 
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hunmOT and tba bundle ot wires may also be removed and a magoetic bar 

iatroduced into their place, or the outer spiral connected with the screws 

Fig. ft83. 




4 and 5 and the galvanometer, while the inner spiral is connected bj long 
wires wiUi the battery, and alternately inserted Id and drawn out of the 
enter. The spirals may be nnited so that the cnrrent shall traverse both 
in the same direction, and nsed for obtaining the side cnrrent. Where 
the means at command are only moderate, this apparatus is very good. 

[^829} When an apparatus is required merely for the pnrpose of giving 

shocks, one like fig. 683 will answer, the cnrrent being broken by means 

j%. 683. 




of the magneUc hammer. The ends of the spiral are connected with the 
•erews a and A, and the poles of the battery with a and c 
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[330] Eleotrioal tension on the induction wire.— if 

the ordinary handles be attached to the ends of the fine wire of the 
indaetion apparatus, fig. 681, and, without being brought into actual 
contact, laid very close to each other, a constant soccession of sparks will 
be seen in the dark to pass between them while the apparatus is in action. 
A higher tension cannot, of course, be obtained in an apparatus whose 
parts are only separated by wood. The iron rod within the spiral also 
becomes electrical, and little sparks pass constantly from it to the ham- 
mer. If bits of wire be screwed to the binding*screws of the fine wire, 
and touched with the knob of a gold-leaf electrometer, the leaves will 
diverge, and a permanent divergence may be produced by lightly touching 
the vibrating wire, which cannot be produced by a continuous contact 
Upon investigation the electricity will be found to originate from the 
opening current; and the iron core manifests the same electricity. 
Electricity is developed at the end of the outer wire only when the inner 
is touched with a conductor, and then it is of the opposite kind. In fig. 
681 the inducing wire is on the outside. 

[331] Rnhmkorf' 8 apparatus. — ^As this apparatus has been 
much talked of lately, and I know of no accurate description of it, I vrill 
describe one which I made for myself. The form chosen was based upon 
one made in Paris for the University of Tfibingen. The changes which 
I introduced are chiefly in the arrangement of the hammer, and the course 
of the current on the base. My design was to enable me to apply at 
pleasure the mode of fastening the hammer described by Sinsteden, and 
also to connect the condenser with the inducing wire in two different 
ways, or to omit it entirely, or substitute for it a Leyden jar. 

The spiral of the apparatus is wound on a very thin wooden spool, 
with a perforation 3 centimeters in diameter and octagonal end pieces of 
glass. Holes for the passage of the wires are bored in one of the end 
pieces, and the direction of the coil from these holes marked by white 
arrows painted on the glass. Upon this spool are wound, first, four 
layers consisting each of 80 turns of wire, 2 millimeters thick ; and then 
about 30 layers of 500 turns each, of wire not quite ^ millimeter thick. 
The former is wrapped with wool, and the latter with silk, and varnished. 
Varnished paper is placed between each layer, and the two wires are 
separated by a double fold of the same, thickly varnished, and cemented 
at the ends to the glass. The separate layers of fine wire were not 
varnished, in order that this expensive material might be available for 
other purposes. 

This spiral rests on a board an inch thick, between four triangular 
pieces, which are glued down and screwed fast from below, the hypoth- 
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ennae of etch being notched to receive the glass plates. The spiral is 
thus held firmly and can be easily lifted up when the ends of the wires 
ar« detached from the binding-screws. Fig. 684 and 685 represent the 

^.684. 




ride Tiew and plan of the apparatus. The board .^ .^ can be separated 
^m the base B B, (which will be mentioned presently,) bnt is ordinarily 
ftutened to it by foor screws from below. The course of the current is as 
fbllows : — 

Two strips of copper a a a, & ft, are inaerted ia the board A A, which 
are bent at right angles on the lelt, so that a pole-chauger can be laid on 
them there ; they are also famished with binding-screws, 1 2, to make & 
direct commnnication. The cnrrent entering at a passes into the np- 
r^ht c, and thence to the horizontal screw d, the head of which is plated 
witit platina. From this it passes into the hammer, which is also platina 
plated, and descends throngh the stem. The stem of the hammer is 
hinged by a screw to the iron pin e, fig. 686 ; the end of the thick wire is 
bent into a ring and screwed to the same pin, and into this the cnrrent 
passes. In order to insore a perfect contact between the stem of the 
hammer and e, a spring x, made of hard copper wire, is fastened between 
tltsm by two littJe screws seen in fig. 686 ; it serves at the same time to 
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preu the h&mmer against the screw d, and to draw it away from the 
bundle of wires in the spiral This spriag not being strong enongh with 
powerfbl currents, a steel spring 
IHg. 686. _ fig fastened to e, tbe pressoie of 

which is regulated by the screw g. 
The pin e ends with a square 
bead and a screw, by which it can 
be fostened to a plate of iron m m, 
an inch wide, let into the base. 
A copper wire, (mentioned snbse- 
qnently,) bent into a ring at the 
end, is screwed in between the 
plate m m and the nut n. Hits 
plate is longer than the spiral, and 
is bent op at a right angle at the 
other end, until it comes opposite 
tbe projecting ends of the spirsl 
wire. Here, bowerer, it conusts 
of two pieces, and the upper part can be taken off after remOTing the 
screw o. If the stem of the hammer be of iron, the hammer is now in 
magnetic communication with the bnndle of wires in the spiral. TUs 
can be prerented by making the stem of the hammer of brass, but tbe 
iron m m is not entirely vrithont effect nntil the other end is remored by 
the screw o. 

The current having traversed the thick wire passes through the binding- 
screws 2 and 3 back to the battery. 

Pieces of somewhat thicker wire ore soldered to the ends of the fine 
wire, and, after mukiDg one tnrn around the spool, thrust through holes 
in the glass plate, and fastened under little screws on the insulated balls 
h i, figs. 684 and 685. One of the knobs of the cross wires can be an- 
screwed and screwed to a pointed copper wire, so that either tbe pointed 
end of one wire can be directed toward the knob of the other, or two 
points or two knobs turned toward each other. 

A wire was mentioned above, which was screwed to tbe end of the pin 
e, fig. 686. This wire is bent twice at right angles, and lies in a covered 
cavity 4 4 in the board A A, passing to tbe binding-screw 5, under which 
it is bent to a ring and pressed down by tlie screw. There is also a 
binding-screw at the bottom of the pillar c, and the binding-screw 6 may 
be connected by a wire either with this pillar or with the screw No. 3. 

In order to obtain a shock by the secondary current, the handles must 
eridently be attached to tbe binding-screws 5 and 6, which are made 
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double for this pnrpoie. If c be connected with 6, the secondary cnrrent 
OD opening la Btren£;Uiened hj the cnrrent from the battery; bnt ir 3 be 
connected with 6, the secondary cnrrent alone is felt. 
The binding-screws 5 and 6 are connected with a con- 
denser placed between A A and B £, by means of spiral 
springs of hard-h&mmered copper wire, fig. 681, the ends 
of which are i^tened nnder the nnts which hold tiie screws. 
B£ ia* frame with a ttdn bottom and a prelecting rim, as 
shown in section in fig. 688. A A rests on the frame, and is held in place 



Fig. 68T. 



Fig. 688. 



bj the projecting rim. 'Die condenser is placed in the space between. 

It consists of a strip of oiled ailk, 3 meters long, made of several pieces 

cemented together with shellac. The strip is 19 centimeters wide, and 

coated on both sides to within 1 centimeter of the edge with tin-foil 

fastened on with shellac. It is folded 

np several times and paper laid between 

the folds. The npper end is cnt ont, as 

npresented in fig. 689, so that the npper 

shwt of foil is visible at a, and a part 

of the lower at b, the top sheet of var- 

aiabed paper extending only to m n. 

The spiral springs from the screws 5 

and 6 press npon brass plates laid on a 

and b, and the condenser is thns con- " 

nected with the secondary cnrrent, by which it is charged like any other 

condenser, and discharged when the main circnit is closed. 

Jl large battery of Leyden jars, inserted in place of the condenser by 
connecting one coating with the pillar c and the other with screw No. 5, 
acts in the same manner as the condenser, thoagh leas powerfiilly, on 
acconnt of the thickness of the glass. 

The battery employed shonid consist of not more than two pairs, 
otherwise the insalating layer between the tnms of the fine wire may be 
tiToken throngh, and the apparatus permanently weakened. 

Fig. 690 is a perspective view of the whole apparatus from another 
ride. The pole-changer is left out for the sake of simplifying the figure. 
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Aoj pol«-chaDgeT will UBwer the mme porpoae, bnt for permanent 
attachment to any apparatus, that which comes with the Fuli ioitn- 




ments excels in coQTeaience and compactness all otbers. Fi;. 691 

lepreBents a section, and Bg. 69S a view of the side tnmed toward ti» 
spiral, but in a ditfereat 
position ttmm Sg. fiSL 
It is very simple. Oa 
the irory cylinder a are 
screwed two copper bars, 
the screws e and k coming 
in contact with the azii, 
/ and g not going SO deep. 
The ends of the axles tnm 
in pillars m and n, and 
the bearings can Ik con- 
tracted by screws so as to 
make the contact with the 
axle perfect. The screws 
which toncb the axis are 
indicated by a marlc. An 
insalating handle o o is 
attached to the axle. Two 
binding-screws are con- 
nected by springs p q with 
the copper bars, the pillars 

which snpport the axle being screwed down over two other copper bars 

X y let into the base of the apparatus. 
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[383] When the kppftratas is in action, freqaent iparks, firom 3 to 5 
tnUlimeten or more in lengtb, pass between the knobs or poiots which 
are connected with the ends of the fine spiral, bnt they become much less 
frequent, and are rednced to less than 1 mllUmet«r, as soon as the con- 
denser is taken ont An ezamioation with the electrometer proves the 
presence of ftee electric!^ only at the ends of the outer wire, and all parts 
of the same ezcite a burning sensation when touched. The contact with 
the electrometer most be only momentarj, otherwise the leaves immedi- 
ately collapse; this does not occnr, however, when a wire is connected 
with the electrometer, one end of which is wrapped with silk and bent 
into a ring, and this ring brought in contact with the end of the spiral 
From the character of the electricity and the 
known direction of the cnrrent and the coils, it 
is evidently dne to the cnrrent prodnced when 
the circnit Is opened. The inner end of the 
irire shows free electricity only by the aid of a 
condenser, and it Is of the opposite kind to that 
at the onter end. Bnt strong electricity is 
dereloped here also when the other end is 
placed in commnnicatlon with the earth. When 
this Is done, no part of the spparatns which is 
In commnnication with either wire can be 
tonched withont receiving rioleat shocks, nnless 
the person be himself insulated. In order to 
charge jars, their knobs mnst also be provided 
with a wire, the end of which is wrapped with 
ulk. 

[333] Bat the most beaatifnl experiments 
with Buhmkorff's apparstns, are those made in 
R racnnm. For this purpose the receiver, fig. 
S98, is exhausted of air as completely as possi- 
ble. The barometer gange mnst fall to 1 or 2 
meters. One end of the wire is connected with 
the lower cap, and the other with the sliding 
rod, the connecting wires being fastened in 
Insolated knobs in which the ends of the spiral 
terminate. Id order to make the experiment 
very snccesefhl, the vamlsh must be removed 
from both knobs of the receiver. A splendid 
stream of reddish light is then seen to pass lh}m the positive to the 
negative knob, while the latter is entirely enveloped in blue light, and 
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Bparka are vinble all over its surface, rimilar to those which are seen 
under the microKope ia Tleef's apparatDB. If a few drops of ether or 
<dl of tnrpeotfiie be iatrodoced Into the recelrer before the exhanstion, 
the etream of light is iDtermpted by dark bands, which seem to advance 
toward the other knob. If the current be rerened the knobs also change 
color. 

[834] In order to show that the magnetism doTeloped in a piece of 
soft iron b; induction also prodncee a cnrrent of electric!^ in a spinl 
wire, take a bit of soft iron, a little longer than tiie armatnre of jov 
horseshoe magnet, ronnd it off in the middle, and coil round it 10 or SO 
feet of copper wire, so as to form a spiral which will pass between the 
poles of tiie magnet without the least contact. The board A B, ftga. 
694 and 696, is cat ont so as to leave the end A thicker than the rest hj 
Fig. 694. 




the thickness of the iron, and a alit C D made in the middle to receive 
the coil, the axis of which is fastened down to the board. The ends of 
the spiral are fastened to the board, so that they can be connected with 
the galvanometer. Two small bars, m m and n n, are nailed to the other 
end of the board, between which the horseshoe magnet, p q r, can be 
rapidly pushed against the armature and torn loose from It. At each 
separation the galvanometer will indicate a cnrrent in the direction 
previoQsly determined. 

[335] HagnetO-electriC machines.— The foregoing experi- 
ment is the basis of the explanation of the magneto-electrical machines, 
the details of which are very various. Those which are provided with 
steel roagnets have many advantages over those which depend npon 
electro -magnets, but ihey are more costly. The machines of this kind 
made by Stobrer, in Leipsic, are peculiar in their arrangement, and are 
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convenient, althongh the^ have not steel magnets, becanae tbe magnet can 
be made to rolat« bj the cnrrent, and thns afford an illostration of a 
macbioe driven b^ galTanism. The machineB with steel magnets made 
bj die some maker are vorthj of notice for their powerful effect and con- 
venient arrangement 

It is difScnlt to give general directions for tbe management of such 
machines, on account of tbe differences In their constmction. The 
inteimptton of the Indnced cnrrent must occnr nearly at the instant when 
the Borfece of the armatnre has passed the pole of the magnet. When 
not in nse, an armature of soft iron most be laid on the magnet. In 
ordering a machine of this kind, directions shonld be given to arrange 
the wire coiled aronnd the revolving armatnre so that it can be nsed either 
as a dngle long wire or a short, thick one, or as it is nsnallj expressed, 
so as to increase either the quantity or the intenai^ of tbe cnrrent 
Separate armatures may be used for these purposes. 

[836] Magnetic phenomena produced by rotating 

disks. — The experiments on this snbject are performed with tbe whirl- 
ing tables. To a thick copper disk a b, fig. 696, solder a piece of brass 
c, in which a scrsw is cut to fit tbe axis of the whirling table, and with 
this screw as a center tnm tbe disk perfectly round fuid even. Upon the 
elamip of the machine described in § IIT, screw a circnlu board A B, 
Gg. 691, about six inches in diameter, with a flange cut on the edge. 

Fig. 697. 





On tliis Bi a cylinder of pasteboard, fig. 698, in which a disk of glass is 

bstened by rings in such a position that when tbe copper disk is screwed 

to the axis of tbe machine pig^ g9g. 

and the cylinder fitted over „„ 

it, the copper will be close ^k"""'^ ' "" ^ ^9- 699. 

below the glass without 

touching it On the glass 

place alow stand, fig. 699, 

snpporUng a magnetic 

needle nearly as long as the diameter of tbe copper. A rapid rotation 

of the copper in its case will cause the needle to rotate in the same 
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directioti. The effect of different diske Is rerj nneqnal, tna when out 
near each other ftom the same piece of copper. Saw ont radiating 
notches in another copper disk, to show the well-known effect of this. 
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[337] For the experiments with bismuth and other solid bodiea, attach 
to the poles of a strong electro-magnet pieces of iron, such as repreeented 
in Bg. 700. They are pierced at ezactlj the same height to admit inm 
cjlinders, pointed at one end, abont 2 centimeters in diameter, which 
slide easily in the holes and can be fastened bj screws. Bj thia meani 
the poles of the magnet can be brought within any distance of each other. 
The poles may be covered with a case made by pasting together pieces of 
window glass, fig. 701, and resting on a sU^p of velret pasted to the taUe 
which anrronnds the poles, figs. 641 and 613. A hole ia bored in the top 
of the case, through which a glass tabe, 6 to 8 inches high, is fitted by a 



Fig. 701. 




wooden cap. Thia tobe is not cemented in, but both the upper and lower 
caps lined with TeWet. The upper cap has two projections, through 
which a pin is thmst On this pin is wound a fit)er of silk, with a little 
hook at the end. 

[338] The substances to be submitted to the action of the magnet are 
attached to cocoon fibers, of abont ^ to ^ the length of the tabe. The 
hook is let down inside of the box, the cocoon fiber hung on it by a loop 
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•od drawn up again. By moTing the box a little, the object can easOj 
be bronght in a straight line between the two points, and its position of 
eqoilibriam may be changed at pleasure, by turning the upper cap. The 
points must be far enough apart to admit the axis of the object between 
them, without touching. The substances experimented on should be in 
the form of bars, about 2 centimeters long, tied to the cocoon fiber. 
There should be bars of copper, iron, platina, wood, etc., a little rhombo- 
hedron of Iceland spar, a prism of tourmalin, and especially a bar and a 
little ball of bismuth, as free as possible from iron, though even the 
ordinary commercial bismuth can be used. Bars of bismuth are easily 
made by dipping a glass tube, ^ to 1 line in diameter, in the melted metal 
and sucking it in quickly. The glass tube is then broken, if the expansion 
of the bismuth has not already broken it A bit of one of these cylinders 
may be filed into a ball 

These experiments require a powerful current, but the repulsion of the 
ball of bismuth ftom the line of the poles, and the equatorial position of 
the bar can be shown with an electro-magnet which will support only a 
fbw hundred-weight For the experiment with the ball of bismuth, the 
poles must be brought so near each other as just to admit the ball freely. 

{h.) EXPEEIHEVTS OS THEBMO-ELECTBICITT. 

[389] Electrical currents with one metaL— a. Connect 

with the galTanometer two copper wires, one of which ends in a little 
plate; a current will be produced whenever this plate is warmed and 
touched with the cold end of the other wire. 

b. Take a platina wire, several inches long and ^ to 1 millimeter thick, 
bend it near one end into three or four spiral turns about a line in 
diameter, and connect it with the conducting wires of a galvanometer; 
by warming the spiral with a spirit-lamp a current will be produced 
which will pass from the spiral toward the cold part of the wire. 

c. Heat one end of a steel knitting-needle to redness, connect it with 
the galvanometer, and heat the spot where the soft and hard steel join ; 
a galvanic current will pass from the soft to the hard part The current 
may be maintained by moving the lamp toward the hard portion, so as to 
keep that part which is in the flame always red hot A current may be 
produced with a needle which has been entirely softened, by moving the 
flame along the needle in the same way; the current passes in the 
direction in which the flame moves. 

[340] Currents produced by different metals. — For 

this purpose two elements are especially needful: one of copper and 

26 
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bismatb, the other of copper and antimonj-gknce. Oast two btrs of: 
these metals, abont as thick as your finger and 8 inches long, in paper 
monlds, and file them bright; the mould for the antimonj-glanee most be 
thicklj wrapped. Then bend two bits of copper wire or ribbon twice 

at right angles, and solder each with tin, as shown in 
fig. 702, to one of the bars. The strip intended for 
the bismuth must be preTionsly tinned, for the Insnmth 
will not bear heat sufficient to cause the solder to nm on 
' the copper. It is couTenient to fasten beforehand a 
needle point in each strip and each bar, to support 
little magnetic needles. 
In experimenting, set magnetic needles on the elements and place them 
parallel to each other and to the magnetic meridian, on a wooden stand, 
with one joint of each projecting. On applying heat to the joints wiUi a 
spirit-lamp, a considerable deflection will be seen, in opposite directions 
in the two elements. 

[341] The thermo-pile. — As this is ordinarily used only in con- 
nection with the gaWanometer as a thermoscope, it most be made on a 
small scale, so as the more rapidly to assume the temperature to whidi it 
is exposed. The elements are made of bars of antimony-glance and 
bismuth, cast in iron moulds, and shaped with a file as represented of 
natural size in fig. 703. The bars of antimony-glance must be tinned on 
both heads with very soft tin solder, because they, like copper, do not 
take the tin without considerable heat The soldering must be done with 
an iron, on account of the exceeding fusibility of bismuth. The bars may 
be held between spring forceps made of wire, like fig. 704, and the spaces 

Fig, 703. Fig, 704. 
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between the bars filled with bits of wood, which may be left there to 
impart greater solidity to the pile, but they must not extend over the 
joints. The vertical rows of 5 pairs each are first soldered, and these 
united when all the layers are complete. The end pieces of each row 

Fig, 706. Fig, 706. 
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must have an ofiset at right angles to the bar, like fig. 705. Fig. 706 
represents the combination of the end pieces of two vertical rows. When 
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Fig. 707. 



the pwlc of 90 or S6 pain ts completed, \kj it in a rooitd or sqnare eue 
itf brass, hBTing first soldered to the middle of the first and last ban short 
copper wires, which pass throogh two holes in the case. These holes 
•honid be mounted with ivory for better insolation, and the ends of the 
wires proTided with permanent binding-screws. The vacant spaces are 
filled np with plaster of Paris, which is afterwards 
■craped away so as to leave the ends of the bars 
free, and these are then blackened. Fig. 707 repre- 
■ente the pQe complete and with a double case, 
beesim for certain purposes a (hnnel-shaped cap 
mnat be fitted on, sometimeB to ezclnde eztraneoos 
njs, sometimeB to condense the rays of heat. This 
conical cap mnat be polished on the inride, not 
blackened, as is aometimes done. It most have aloose 
fitting cover. A tnbe of the same width, blackened 
within and alao fitted with a cover, is slid over the 
ottter end of the case. Aa all this ia earner to make when the case which 
incloses the pile ia ronnd, it ia oanally made in thia form, and also pro- 
▼Ided with a rod fitting in a stand so that it can be adjuatod to anj 
Fig. 708. 






height Fig. 708 represents the apparatus complete. In fig. 70S the 
tnbe of the stand is slit, and is fnmished witli a slightly conical screw and 
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a nut, by which the rod can be clamped tightly. Fig. 709 is an enlarged 
yiew of the arrangement The condnctors shonld be spiral copper wires, 
which are yielding enough to prerent the appaxatns from being oyerset 
by an accidental jerk. Connecting wires of diis kind are nsefnl in many 
other cases. This work requires a great deal of patience, for soldering 
these thin pieces is a delicate matter; if yon have them soldered yon 
mast watch closely that the proper order is obsenred. It must be 
expected that many bars, especially of antimony-glance, will be broken in 
the operation; a good supply must therefore be provided. If great 
delicacy be not aimed at, the work may be rendered very easy by taking 
bars about 4 square lines in cross section. A galvanometer, with few 
turns of thick wire, should always be used. The use of the apparatus 
comes under the subject of heat 



CHAPTER Vn. 

XXFKBIMENTS ON HEAT. 

(a.) EZFBBIXBHTS OV EXPAVSIOV. 

[342] Thb thermometer is based upon the expansion of matter by heat. 
As this instrument is so constantly used, and with all care in handling 
one will be broken occasionally, there is the more inducement to acquaint 
one's self with the constmction of them, good thermometers being rather 
expensiye. 

[348] Ck>]i8traotion of thermometers.— (a) Selection of 

the tubes. These are had from the glass-hoose, and only 5 or 6 feet 
taken from the middle of the tubes, which are drawn 15 to 20 feet long, 
although this enhances the cost As soon as they are made they are cut 
into lengths of 1^ to * 2 feet, and sealed at both ends. For ordinary 
purposes, glass tubes with flat bores have obvious advantages; but for 
making very accurate thermometers I would always prefer round tubes, 
because they can be tested more exactly. This operation is performed 
by sucking into the tube a column of mercury about an inch long, and 
moving it by gentle agitation along the tube, carefully comparing its 
leng^ in different parts with the original length. Having in this way 
found a part of the tube of uniform size, if it be only 3 inches long, mark 
it by tying waxed thread around it and Jbreak it, so that the glass wasted 
in blowing the bulb may be taken from the uneven part The operator 
will soon learn by unpleasant experience that uniform thermometer tubes 
are very rare. For ordinary thermometers this is of little importance ; 
the inferior tubes may be used for house-thermometers, which need not 
range above 100^ F., and may be graduated to this point by a standard 
thermometer. Thermometers for ordinary physical purposes may also be 
made from the inferior tubes, and the limits within which they are correct 
marked on them. 

In sucking up the mercury, moisture is very apt to be introduced into 
the tube, and it is almost impossible to get rid of it The only means 
likely to be at all successful is to heat the whole of the tube except the 
bulb, and then heat the bulb, the air from the latter driving out the vapor. 
If any other impurity enter the tube, it may as well be thrown away at 

(406) 
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once. Instead of sacking np the mercory with the month, it maj be 
done by tying the tnbe in the month of a thick india-rnbber bottle, 
squeezing the bottle together and inserting the other end of the tnbe in 
mercnry; the elasticity of the india-rubber will draw np enough. 

(b) Preparation of the tube. After sealing and thickening the tnbe 
at one end, a bulb is blown on it according to the directions gijen nnder 
that head. Care must be taken not to introduce moisture into the tube. 
As this will sometimes happen with all the pains that can be taken, some 
recommend fastening an india-rubber bottle to the end and blowing the 

bulb by pressing this. It is much better to close both ends. 
Fig. 710. heat the whole length of the tube, and then insert one end in 
the flame and allow the elasticity of the confined air to raise a 
small bulb. The other end is then opened, closed again after 
cooling, and the operation repeated until the bulb is about S 
lines in diameter. The flame is then directed against the end 
so as to burst the bulb there ; the orifice is widened with an 
iron rod, and strengthened by melting down the rioL A glass 
tube, 1 to 1^ lines in diameter, with thin walls, is then welded 
on and the joint blown out somewhat. A bulb can now be 
blown on the other end without introducing any moisture in 
the tube. The tube when completed has the form of fig. 710, 
and is prepared in the best possible way for filling. The me 
of the bulb may be determined by comparison with another 
thermometer. 

If the tnbe requires a bulb more than 4 to 5 lines in diam- 
eter, a cylinder, 3 or 4 inches long, should be welded on, as 
directed above, and the joint blown out but little, or not at all 
The saperfluoQS glass is then melted off. Thermometers with 
Tery stout tubes often have a cylinder of the same size, so that 

• the instrument can be thrust through a cork, the scale being 
etched on the tube. 

(c) Filling. The mercury is first freed from air by boiling, then 
agitated with dilute nitric acid, washed with water, and dried with 
Fig. 711. blotting-paper. If a tnbe has not been welded on as above 

described, take a little glass funnel, or a tube drawn out as in 
fig. 711, wrap the end of the thermometer tube with paper, 
and stick it in the neck of the funnel. Pour the warm mercury 
through a paper cone (§ 43, 4) into the funnel, and then heat 
the whole tube and bulb over a spirit-lamp, by which the air 
will be expelled and mercury forced in on cooling. Heat the 
tube again and boil the mercnry in the bulb ; by this means 
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nearly all the air will be ezpellecL The bulb mnst not be removed snd- 
denlj from the flame, for the sadden influx of mercnrj might break the 
tube. A little babble of air asaally adheres to the balb at its janction 
with the tnbe ; bot the thermometer is allowed to cool, so as to force in 
as much mercory as possible. Now heat the thermometer in a vertical 
position, and the expansion of the mercary will drive the air babble ap 
the tnbe. As soon as yon think that the mercary below the babble has 
reached the end of the tnbe, remove the lamp, and watch whether the 
babble draws back into the tabe. If it does so, heat it still higher and 
stir aboat the end of the tnbe with a knitting-needle. All this is mach 
easier with the tabe shown in fig. 710, in which the mercary can be boiled 
and the babble is never oat of sight. If, after all, a minnte babble of air 
should remain, it will do no harm, provided it be not large enoagh to be 
Tisible before the tabe is closed, for the removal of the external pressnre 
of the air will caase it to expand. 

.When the tabe is perfectly cool, poar the mercary oat of the fannel and 
expel a drop or two from the tabe, in order to determine, by a preliminary 
experiment, the length of ten degrees. Yon may then make ap year 
mind how yon will arrange the scale to salt the length of the tabe. 
Ordinary thermometers should indicate from 20° to 40° F. below zero, 
bat in order to reach or exceed the boiling point, one mast often be con- 
tent with 10° below zero. The thermometer may be made to range as 
high as 648° F. Taking these things into consideration, make a mark 
on the tabe which shall indicate the present temperature of the air, and 
expel or add mercury until the top of the column stands at its height. 

Thermometers which are to be exposed to a temperature below the 
freezing point of mercary are made with spirits of wine, but with this 
exception mercury alone is used for the purpose. The tubes of spirit 
thermometers are made as much as ^ millimeter in diameter, to render 
the spirit more visible, and for the same reason it is generally colored red 
with cochineal. To prepare the tincture of cochineal, rub the cochmeal 
fine in a mortar, make it into a paste with spirit of wine, and rub this up 
for some time. Then add more spirit and a little sulphuric acid, stir it 
well, let it settle, and decant through a filter. Wash the residue with 
spirit, and remove the lead-gray scales.* The process is repeated with 
what remains on the filter until the solution becomes too pale. A 
drachm of cochineal will make a pound of tincure. The aqueous infusion 
is prepared in the same way. As cochineal is apt to deposit coloring 
matter, a tincture of Brazil-wood is preferable for coloring spirit. The 



* Ooofaineal is usoftUy adulterated to the extent of 26 per oent. with metallio lead. 
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tQbe is filled in the same waj as with mercury, or else drawn <mt to a 
point and immersed in a capsnle containing spirit of 60 or 70 per cent, 
as shown in fig. 712. 



Fig. 712. 




{d) Olasing the tube. When 
the quantity of meienry is 
regulated, melt off the ftmnd 
and draw ont the tube to a 
fine point Now heat the 
thermometer nntll a drop of 
mercury appears at the capil- 
lary aperture, then withdraw 
the bulb firom the flame and 
insert the point It melts 
quickly, especially with the 
aid of the blow-pipe. The 
mercury contracts and leayes 
a TBcuum aboTe it The 
end of the tube should then 
be rounded in the flame, and, 
if it is to be attached to a 
flat scale, bent over, as seen in fig. 713. If the column of mercury should 
be separated by an air bubble after closing, fasten the thermometer to a 

string 3 or 4 feet long and swing it in a circle; if the 

Fig. 713. ^^^g Y)e not too narrow the centrifugal force will cause 

/ ^ — ■■— 4A the mercury to unite, and the little bubble of air above 

it will do no harm. 
To leave air in the thermometer with or without an expansion of the 
upper end is very objectionable ; for just as the pressure of the external 
air in exhausted thermometers causes an elevation of the freezing point 
by compressing the bulb so as to make it necessary to wait 2 or 3 months 
after closing the tube before graduating the instrument, in the same way 
the inclosed air becoming compressed when the thermometer is heated, 
lowers the boiling point 

Spirit thermometers are also freed from air. They will still, however, 
bear the temperature of boiling water, the pressure of the vapor preven^ 
ing the fluid from boiling, unless the bulb is very thin. The size of the 
tube renders it very easy to remedy the separation of the coluum of spirit 
by swinging. 

(e) Determination of the fixed points. The freezing point is fixed 
by immersing the bulb and tube as far as the top of the mercury in a 
mixture of ice or snow with a little water. Tie a waxed silk thread 
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trotind the tnbe, u>d, wh«n tlie mercary remains statioiMTy, slide the thread 
■loog nntfl its lower edge is tangent to the top of the colama. This point 
may aftenrards be marked with a scratchiag diamond. It Is well to do 
this when the temperature of the air is bat little above fl-eezlag. The 
btrillDg point is determined in « metallic ressel like fig. T14, whose long 
neck has two apertnrea fbr the escape of the steam. The thermometer 
should be tiiniBt tiirongh a cork so as to slide eaaWy, and the cork fitted 
in the neck of the Teasel, In which the water has been boiling for some 
time. The bolb most nearly toach the boiling water. The lower part 
of the Teasel is made of copper, and the npper part, which need not be 
narrow, is soldered in with sine and set by a projecting fiaoge on the 
retort stand, fig. 716, which is needed for so tnanj other pnrposes.* 



Fig. 716. 



Fig. 11*. 




Heat may be applied either by a gas or spirit flame. The tnbe is 
fluently ^wn a little way ont of the Tessel, and the thread, prerionsly 



* The tUde rnkj be tarlBDfoUr tlUtoogh thi rod is round, bat tha Krew •honld 
■Iwayt set acalnit a bntM pUte wUoh prenti on Ou rod. 
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tied uoiuid it, mored by a rod to the top of the colonm as before. Whes 
the point is permuieiitly fixed, mark it with a diamond. The b<uling 
point can be detennined in a wide-necked glaa flaek, 
Fig. tl6. ],^ placing a spiral coil of wire ia the water and 

closing the neck of the daek with a cork, which hai 
an apertnre for the thennoiDet«r and a bent tnbe for 
the escape of the steam, fig. 616.^ 

In fixing the boiling point, the presnue of the 
air most be observed, tlte boiling point of thermom- 
eters being redoced to a pressure of 16 centimeters, 
or 336-9 Paris lines. This correction mnst be made 
hj a table of the pressure of aqueous T^tor at 
different temperatares; but as the height of the 
barometer ia not so very Tariable, it is enongh to 
know that when the barometer stands at TO'1 ceoti- 
meters, water boils at 98° C, oud at 73-3 at 99° C, 
the intermediate pressores being proportional to 
the temperature. For Instance, if the barometer 
stood, daring the determination of the boiling point, 
at 13& centimeters, the point found wonld corre- 
spond not to 100 hot to 98-1, and the space betweot 
it and the freezing point most be divided accordingly. A shorter (and 
for most purposes sufficiently accurate) method ia to deduct from 100 
Fig. 71T. OOSIS" Centigrade for every millimeter which the barometer 
L stands below 76 centimeters, and for every Paris line below 

■> [ 336-9 deduct 00881° C. In these reductions the height of 
the barometer is supposed to be reduced to the freezing point 
(/) Scales. For ordinary use, it is best to make the scale 
upon paper, the Centigrade and Fahrenheit side by side. 
The division may be performed either with the dividing 
machine, fig. 149, or with a pair of dividers by hand. Boll 
this scale over a thermometer tube, and slip it in a glass tnbe 
about as thick as a lead pencil, with a gloss brace as wide as 
the thermometer tnbe at the bottom, like a, fig. TIT. Thrust 
the thermometer up to the bnlb through this brace, and then 
make the fixed points of the paper scale correspond with 
those on the tnbe. Drops of sealing-wax having been 
previously attached to the top and bottom of the paper, heat 
the tube until these melt, then seal the tube at the top and 
weld the end of it to a piece already attached to the ther- 
mometer tube at b. The tube which contains the scale must 
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not be too large, otherwise it renders the instmment too balky when it is 
to be immersed in small quantities of flaid ; for the same reason, small 
thermometer tnbes are preferable. The thermometer and 
scale are often inlosed in another tube so as to leare only ^' '^^^^ 
the bnlb projecting, as in fig. 718. This is a difficult oper- 
ation, and though yery useful for some technical purposes, 
does not admit of great accuracy. 

When the scale is made of wood, brass, or ivory, a hole 
must be made in the top to receive the hook, fig. 713. On 
iTory the lines may be blackened with indian-ink, and the 
scale scraped over with glass. Brass is warmed and coated 
with black sealing-wax ; when cold it is again ground with 
water and then varnished with shellac, or silvered. 

The scales of spirit thermometers accord well enough with 
those of mercury below the freezing point, but above this 
point the observations must be corrected by a special table, 
nnlees the scale has been regulated for every ten degrees by 
a mercurial thermometer. 

{g) Scales etched on glass. It is often desirable to have 
the scale upon the thermometer tube itself. Scratching the 
lines with a diamond renders the tube liable to break ; it is 
better to etch them with fluoric acid. The scale is first 
drawn on paper, transferred to the glass in the manner described in § 32, 
and then etched. 

[344] Leslie's differential thermometer.— Take two ther- 
mometer tubes, about 1 to 1^ millimeters 
wide, and blow upon them two nearly equal 
bulbs, 2 to 3 centimeters in diameter. One 
of the tubes should be calibred (§ 343 a.) 
The calibred tube should be long enough to 
form one vertical limb of fig. 719, and the 
other tube to form the other limb and the 
cross piece. Weld the tnbes together, and 
with a pointed flame and a little glass rod 
draw out some point of the horizontal part 
into a fine tube. Bend the tubes as shown 
in the figure, and warm the bulbs so as to 
draw in enough sulphuric acid, colored with 
cochineal, to fill one vertical limb and the 
horiaontal part Seal the opening, and 
mount the tube on a stand with a scale divided into lines for the calibred 



Fig. 719. 
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limb. If the tube be not calibred, there most be a scale for each limb. 
Distribute the air by heating one bolb or the other, so that the liquid will 
stand at the same height in both limbs when the bulbs hare the same 
temperature. Blacken one bulb with indian-ink when it is to be exposed 
to radiant heat. This instrument is only used as a thermoscope, although 
the scale can, of course, be made comparable with that of the meicorial 
thermometer. The instrument is more delicate when filled with colored 
spirit of wine and nearly exhausted of air by boiling. 

[345] Rutherford's Tnaylnrnm and Tninlnrnm theiv 

mometers. — ^Wider tubes are taken both for the mercurial and spirit 
thermometers than is usual. The former should hare a diameter ^ to | 
millimeter, the latter 1 to 1^ millimeter. The scale, which is gpradnated 
by a standard thermometer, ranges usually from — 85^ + 100^ F. A 
bit of wood is perhaps preferable to the steel index, because the steel 
after long use sometimes adheres to the mercury, and of course does not 

fulfill its design. The glass index in the spirit ther- 
Fig, 720. mometer consists of a slender tube of black glass, 

swelled at both ends, and so adjusted as to sink slowly 
in the spirit. Fig. 720 represents this index, magni- 
fied twice. 
[346] Expansion of solids. — This is frequently measured by 
instruments called pyrometers, which consist of a metallic rod, one end 
of which is fixed and the other acts against a system of levers or cogged 



Fig, 721. 




wheels. The former is preferable. Fig. 721 represents an instrument 
of this kind, and the mode of heating the bar by a spirit-lamp. Such a 
contrivance evidently cannot be used to measure the heat, but only to 
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Fig. 722. 



exhibit the fiict of the ezpaosion.* This is osnaUj shown bj a metaUic 
ball, which when cold fits accnratelj in a metal ring, bnt when heated 
win not pass through it Snch a ball is easily 
torned, as it need only be roond in one direc- 
tion. The ring is mounted on three feet, fig. 
7SS. 

To show the unequal expansion of different 
metals, fasten together a slip of iron and one 
of brass, about a foot long, \ inch wide, and ^ 
line thick, by rivets ^ an inch apart, fig.723. The 
compound bar, though straight when cold, bends 
when heated. Soldering the bars together 
leaTes them perceptibly crooked even when 
cold. 

In a gridiron pendulum of zinc and iron, the 
sine rods must be y^, or, according to others, 
0*75 of the length of the pendulum from the 
point of suspension to the center of the baU. 
A couple of zinc rods is enough. The rods 
may all be riveted in the cross bars, except the 
middle one, which supports the ball, which must 
be screwed into the last upper cross bar ; the work thus becomes very 
simple. The ball is made of two spherical segments of brass soldered 

Fig. 723. 




together with silver, and the space between filled with lead. It may 
afterwards be turned on a lathe. It is most convenient to fasten it to the 
rod in a horizontal position, by a hole bored through the centers of the 
two disks. 

The construction of metallic thermometers is very difficult, and too 
often those obtained from good instrument-makers are inaccurate. They 
are usually too dull for almost any use, because they are inclosed in glass. 

[347] Expansion of liquids. — If the experimenter does not 
wish to confine himself to the exhibition of the fact, with a mercurial or 
qiirit thermometer, but to show the expansion of other liquids, the vessel 



* Experimental measarements of the expansion of bodies, irhether solid or liquid, 
an aoi suited for instruotion, since, apart from the loss of time, all the necessary 
pwoa ntio ni cannot be observed. 
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nprasented & ^ or | the natorol size in tg. IH, is rery well ad^tod te 
the experiment Jt is made of glass, and has a nurk on the tuck at «. 
It is filled with tlie liquid by warming it, and left to cool; the liquid ii 
then remoTed from the fannel bj means of blotting-paper nntil the mabee 
coincides with the mark on the neck. The application of heat caoBes it 
to rise in the funnel agiun. The apparent expansion of the liqnid can be 
eauly determined bj filling the Tessel np to the mark at the fteesfng 





point, weighing it, and after heating it to a certain degree in water and 
removing the excess above the mark, weighing It again. The tare of the 
vessel must be dedacted from both weights. To ascertain the actual 
expansion, the expansion of the glass must be taken into considerstioiu 
If a vessel of this kind is not at hand, it is easy to make one ont of a 
glass bottle aod a tnbe, aa shown in fig. T25. 

The expansion of water may be shown independently of the glass, by 
the apparatus fig. 726. It consists of two tolerably wide glass tnbes^ 
closed with a cork at one end and connected by a email bent tobe. The 
whole system is fastened npon a board, with a scale graduated to inches 
and lines. The tnbes are first half filled with cold water, and hot water 
then ponced into one of them so aa to run down the side, until both tabes 
are nearly fnll. The warm water will always stand 3 to 4 centimeters 
higher than the cold. The experiment succeeds better when the small 
tube is provided with a stop-cock, which is not opened nntil both tubes 
•re filled with water. The small tube can easily be welded to the large 
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ones, inatmd of being batoned with corks. The email tobe joaj aiao be 

long enongh to pan throngb the corhs nearly to the top of the larger 

ones. The smaller is then 

fiUed with colored wat«r, one ^9- 136. 

ot the large ones with pore 

hot, and the other with cold 

water. 

[848] Uaximum 
denEdty of water.~To 

demonstrate the fact, take a 
stoat thermometer tnbe, aboat 
1 millimeter in bore, and blow 
OB the end of it a bulb i 
centimeters in diameter. Fill 
tUs thermometer with distill- 
ed water, and seal it when 
free from «r. Any babbles 
which show themselves may 
bo easily brought by swinging 
into the upper part of the 
tabe. Next, tie two waxed 
threads aronnd the tabe, 
plonge it in meltJng ice, and 
tnoTe the lower thread alter 
tbe water as it sinks, until it 
begins to rise again ; when it 
ceases to rise, place the 
second thread at the top of 
the colamn. The ball may 
be removed fh)m the ice to 
the band, in order to show to several persons at the same time that 
the column of water sinks, rapidly at first and tiien more slowly, ontil it 
r«acbes the lower thread and then rises agun. When the water has 
risen above the npper thread, the bnlb may again be plnnged in ice in 
order to show this important Act to all tite andience without nnnecesaaiy 
loss of time. Tbe expansfon of glass need not be taken into consideration. 
If the apparatus were made larger, in order to render the colnmn of 
water more apparent, the cooling and warming would proceed too slowly. 
With the dimensions given above, the distance between the two threads 
wQl be abont 4 to 6 nullimeters. The temperatnre of the maximam 
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density may be easily measared by haying a little bottle, in the cork of 
which is inserted a thermometer, a, fig. t2t, and a glass tube 5, 1 to 3 
millimeters in diameter, prorided with an arbitrary scale. 

[849] Expansion of gases. — To show this, requires only a 
simple air thermometer, which serves by comparison with a mercurial 
thermometer to show the comparatire expansion of gases and liquids. 

(6.) EXFSBDCEVTS OH GEAVOES OF TEE FHTSIOAI 8TATK 

[350] Latent heat of water. — Weigh out in a tared glass vessel 
a pound of crushed ice or snow, and add to it quicldy a pound of water 
at 1*74^ F. and stir them together ; the temperature of the miztore will be 
320 p rp^ mske the experiment successful, the temperature of the room 
must be but little above 0^ G. It is better to take 2 or 8 pounds of 
water at a temperature of 85^ to 100^, because this loses less heat while 
pouring in. The quantity of latent heat is determined by a simple calcu- 
lation, when the temperature of the mixture is above 82^. In sonimer, 
however, the experiment will always give bad results, on account of the 
water already mingled with the ice. It is desirable in summer to choose 
the temperature of the water, so that the mixture will have about the 
temperature of the room. This experiment, even when the figures are 
not very accurate, is very well adapted to illustrate the important law rf 
latent heat 

[351] Freezing mixtures. — The mixture of three parts of 
pounded ice or snow, and one part of common salt, rapidly stirred with an 
iron spoon, yields a semi-fluid mass, the temperature of which falls even 
in summer to 14^ or 10^ F. A temperature as low as 3^ F. may be 
obtained by previously cooling the salt with ice, and surrounding the 
vessel in which the mixture is made with the same. The quantities 
employed should be enough to yield at least 2 or 3 pounds of the mixture. 
Other freezing mixtures cannot be recommended for class illustration; 
they show nothing more than can be shown with ice and salt, although 
some of them produce a lower temperature. In the absence of ice, a 
sufficiently low temperature to freeze water in thin tubes can be produced 
by a mixture of crystallized Glauber salts and commercial fuming muriatic 
acid. The following mixture is valuable, because the salts can be 
recovered by crystallization, and it may therefore be used with advantage 
on a large scale— -for example, by confectioners. It consists of 5 parts 
of sal ammoniac, 5 parts of saltpeter, and 10 parts of water at a temper- 
ature of 50^ F. ; the mixture falls to 10^ F. Grubaud's useful apparatus 
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for this purpose ii reprasented in fi^. TS8, 739, and 780. The Ice [b 
rormed io 9 conical tin tnbes, opening abore into a common cflindrieal 



Fig. 1M. 





■pace, which !b closed bj a cover aa represented In fig. 739. This figure 
il a Mction of the freezing apparatus proper, in the line a b, fig. 7S0, 
which ii a plan of the same apparatns. The substance to be ftoien is 
|dacad in tiie conical tabes, the corer screwed on, and the lower pivot of 
the apparatns set in a hole made for it in the bottom of a wooden tab, 
fig. 7SS. The tub is either filled with the above mixture, or else half filled 
with yerj cold water, and an equal weight of fine crystallized nitrate of 
atnmonia added to it; the cover is then fastened on the top, and the 
fteeaing apparatus rapidlj turned by the handle. In a short time, the 
water in the coni<^ tnbes will be lh>zen. The following are also freezing 
mixtures : S parts of crystallized chloride of calcium and S parts of snow 
yield a temperature of 83° to — IS** F. Equal parts of snow and dilute 
ntphnric add yield from 38° to — 60° F. 
27 



418 PHTSICAL SXPSaDISNTAIIQEr. 

[862] Fusible alloys are obtained bj the foUowing mixtures 
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The last seren alloys are used as a bath for imparting an aniform temper 
to catting instmments, which it is difficult to do when they are long or 
yary in thickness. The seven alloys named impart respectiTely the 
following tints to steel : pale yellow, gold yellow, dark yellow, purple, 
Tiolet, dark bine. Light bine is obtained in boiling linseed oO at 599^ F. 
Instruments heated in these metallic baths at the fusing point need no 
further tempering. 

[353] The liberation of caloric at the moment of solidification is best 
exhibited in the following way : — Place in a phial 2 parts of crystallized 
Glauber salts and 1 part water, heat it to the boiling point, and after 
inserting a thermometer in it, let the mixture cool down to 65 *T^ F. In 
summer it must be set in cool water. If a grain of Glauber salts be then 
introduced, the temperature rises rapidly to 81^ or 86^ F., while the 
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Fig. in. 



greater put of tbt anlt cfTstaDucs. If the Tend be itaitdiiig in nter, 
this most be lemond b^ k riphoD jast bdwe the crTitklliutioD takes 
place, else the temperatare will not rise so high. When the glan with 
its contents is to be preserred, the water which eTaporates must be re- 
placed from time to time, a nnrii on the glass serriug to indicate the 
original qnant!^. Hie fAIal Bhoold be only half filled. 

HTposnlphite of soda may be nsed for this experiment, and does not 
require the addition of water, since the salt dissolres in its own water of 
crjstalliEation. The solution Is allowed in this case to cool to 65° or 
Tl"; a sh'ght agitation of the glass will cause the salt to ciTBtallize, 
and the thennometer will rise 1i°. The result is more striking in this 
experiment than in the last, but hjpoBnlphits of soda is not always to be 
had, and Is raAer expensiTe. 

[364] CiyBtalliaation of bismuth. — This is effected most 
eanly by melting S to 4 lbs. of the metal in a hemispherical iron ladle, 
allowing It to cool slowly until a crost is formed on the sorfoce, thea 
breaking this with a wire and pouring out quickly the still fluid metal 
from within. Iliis yields, if not dways large crystals, at least hcee, fW>m 
which project the comers of numberless cubes. Fine large eTystalB with 
beantifkd stair-Uke arrangement can be obtained 
only by making the bismuth chemically pure, 
which is a rather tedious operation. 

[355} Laws of vaporisation. — To 
illustrate this lot^ect, we use the vessel fig. 131, 
and a wide glass tube, a meter or more in 
length, well cleaned and closed at one end. 
This tube, preriously warmed, is filled through 
a paper funnel with pare boiled mercury, to 
within ^ or 1 centimeter of the top, and the 
idr babbles carefoUy removed in the manner 
described in § 96. This may also be effected 
by placing the filled tube noder the receiver of 
an air-pump, and exhausting the air aa com- ' 
pletely as possible ; the escape of the bubbles 
being uded by gentle agitation. After the air 
is Bgi^n sdmitted, invert the tube in mercury, 
replace it under the receiver, and repeat the 
exbanstlon; then Incline the tube so that tbe 
mercury may touch the top, close it with tbe 
finger, and remove it from the mercury, invert 
It, and replace it nnder the air>pump with the 
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apertara apwud. Fill it at last, completelf with mercniy. Without 
the§e pracaatiODs, the rcBnlta would ykj too mnob from the law, on 
account of the idr iocIOBod in the space above the mercnij. FiD the rest 
of the tube with boDed anlphnric ether, 
close It with the finger, and ioTert it in 
the TOBseL The ether maj be introduced 
when the inverted tube !■ entiiel; filled 
with mercnrj, in order to ahow the inune- 
diate depression of the latter; for this 
pnrpoBe, take a crooked tube, like fig. 
782, 3 to 6 Inches long, poor Into it 
enongh eolpboric ether to fill it op to 
the point, immerse It in qnickmlTer, 
with the point under the barometer tnbe, and add a little more ether 
from a pipette; then close the npper eod of the tnbe with the finger, 
and expel as mnch ether as necessarj b; the warmth of 
the hand. 

The laws of vaporisation may be verj well illiutntted 
with the apparatus thas arranged, care being taken not 
to introdnce into the tnbe enongh ether to balance the 
pressure of the air, when the tnbe Is drawn ont of the 
ressei aa far as possible. Five millimeters of ether an 
enongh for a tube not over 1 meter in length. The 
condensatioD aod expansion of the vapor of ether may 
also bo exhibited when it does not fill the vacnnm, and 
likewise the increase and decrease of its elasticity, as 
the space is made smaller or larger. Tnbes, closed at 
one end with an iron screw, are veiy convenient. They 
arc first inserted, entirely open, in the vessel fig. 731, 
drawn oat as far as possible, immersed again, opened, 
and the remaining space filled to overflowing with 
boiled ether ; the aperture is then closed, and the appa- 
ratus is ready for experiment. 

For these esperimeots, it is very convenient to have 
a scale fastened to the frame, the zero point of which 
indicates how far the vessel shoald be filled with mercury ; 
the scale mnst be graduated to correspond with the 
barometer used. The scale might be marked with 
indian-ink on the tnbe itself. 

To show the effect of a rise of temperature En increas- 
ing the elasticity of the vapor of ether, yon need only 
hold a piece of heated metal near the tnbe. 
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Tomeasore the elasticity of the vapor of water below 212^ F., take a 
siphon barometer, like fig. 783, with a tolerably large balb, and draw ont 
the end of the bulb to a point Introdnce water into the bnlb above the 
mercory, boil it nntU the air is entirely expelled, and then seal the aperture. 
The difference of level of the mercary m the tnbe and in the bulb indicates 
directly the elastic force of the vapor of water at the observed temperatare. 
Ether may be employed in the same way, and boiled by being plunged in 
hot water. The tnbe is attached like a thermometer to a board, on 
which a scale is drawn. The mercury in the tube must not be more than 
sufficient to fill | of the bulb, and the water, after boiling, must occupy 
less than the remaining third. A boiled barometer is not necessary. One 
filled with boiled mercury and placed under the air-pump, as directed 
above, yields sufficiently accurate results for temperatures below the boiling 
point In filling, it is convenient to have the point bent outward in the 
plane of the two tubes. The tube is then placed in a safe position, with 
the bulb over a large dish, and the upper end lowest; the mercury 
introduced through a glass tube drawn out to a fine point, and gradually 
worked round the bend by holding the tube nearly horizontal. In small 
tubes, the successive portions of mercury which pass the bend do not unite 
readily, and recourse must be had to the centrifugal force, by swinging the 
tnbe with a short string tied around the bend. By taking a tnbe similar 



to fig. f 38, and sealing up water boiled in the bulb 
over the mercury, we have an apparatus by which 
the tension of vapors over 212^ F. may be determ- 
ined, so far as the height of the tube allows. The 
water is heated in a mercury bath. 

[856] The following experiment serves to illus- 
trate the law, so important for the condensing steam- 
engine, that vapor in a closed space always has the 
tension which corresponds to the coldest part of the 
apparatus. Blow a bulb, 1 inch in diameter, upon 
a barometer tube, 80 inches long ; bend the tube 
twice at right angles and fasten it to a support, as 
shown in fig. t84. Introduce sulphuric ether into 
the bulb. Boil the ether either by a spirit-lamp or 
hot water, and keep it boiling until it is certain that 
all the air is expelled from the bnlb and the tnbe ; 
if the bulb was half full of ether, the half of it may 
be rapidly evaporated. While the ether is still 
boiling, plunge the end of the tube into a glass con- 
taining warm, boiled mercury. On cooling, the 
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mercoiy rises gradually in the tube, to a height corresponding to the 
temperature of the air, a little ether condensing on its snrfisce^ especiallj 
when cold mercury is nsed. When the mercury ceases to rise, plunge the 
bulb into a glass of ice water ; the mercury will again begin to rise, and 
soon reaches the height corresponding to this new temperature, ahhongh 

only the bulb and not the tube was cooled. 
During this, the ether condensed on the 
surface of the mercury CTaporates. If the 
mercury has not been boiled, air bubbles 
will rise through it on cooling; this affects 
the main result only in so for as it lessens 
somewhat the height of the mercury in the 
tube. 

It is not very easy to blow a large bulb 
on so long a tube; if this cannot be done, 
fit a little thin glass phial to the tube by 
means of a cork. It is well, in this case, 
to prepare the experiment^ as for as cool- 
iog with ice, before the lecture, because 
the cooling to the temperature of the air 
proceeds slowly, on account of the thick- 
ness of the glass. This experiment is 
usually made with two small flasks of the 
capacity of 1 to 2 cubic inches, as in 
fig. 735. The ether is boiled in both, 
and when the whole has assumed the 
temperature of the air, one of the flasks 
is cooled. 

[357] The appartas represented in fig. 736, ^ to J of the real size, is 
designed to show that the same laws which apply to vapors of ether and 
water hold good also for other gases. It consists of a strong glass 
cylinder (7, with brass caps on each end ; into the upper one is screwed a 
forcing-pump, and a water reservoir 6. With the dimensions given, the 
glass must be from 7 to 8 millimeters thick, (this, at least, is sufficient,) 
and the joints well secured by washers. Within the cylinder is placed an 
iron vessel with a long handle a, containing mercury, and in this, four 
small tubes, one of which contains atmospheric air, and is graduated by 
atmospheres; the others contain gaseous sulphurous acid, ammonia, and 
cyanogen. The mercury cistern need not be more than half as high as 
shown in the figure, and the tubes must be fastened in some way to the 
handle. For this purpose, two disks are fastened to the handle, each 
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prorided with four qtHt rings, which omd be 
tiBhtanfld bj a knw. TOe hudle which 
supports these dbks mnst be tinserewed from 
the bottom of the Teasel, in uder to pus the 
rings over the tobee; bnt rinee the rings 
most, at nil events, be made elnstlc and 
ftnaished with a sonw, u in Sg. T8T, No. 1, 
It wosld, periiape, be better to adopt one of 



Fig. 181. 





the three other modes of fiutening indicated 
in fig. tSI, so that the tsbes need only be set 
in their places. I wonid prefer No. 8. The 
tabes most be long enon^ to reach nearly 
to the npper cap, so that the stratum of 
flnid condensed abore the mercury will be 
apparent enoagh. When the vessel a is in 
its place, fill G with water, screw on the 
pntnp, fill b also with water, and tnm the 
stop-cock s BO as to make a commnnication 
between the pnmp and the reserroir ft, as 
shown bj the marks on the handle. Then 
draw op the piston so as to fill the pump 
with water, tnm the cock a quarter of a 
revolntion so as to close the communication 
between the pnmp and b, and open that with 
G, then depress the pEston. After a few 
strokes of the piston, turn the cock careftilly 
■0 as to make a communication between 
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and b, in order to allow the air left in (7 to escape. This is repeated 
anUl no more air escapes. The compression is now continnedt the 
ascent of the mercury in the tobe filled witii air indicating at each momeBt 
the pressure; the otiier gases, one after the other, become liquid, and as 
soon as one of them begins to liquefy, the mercury rises only in this 
tube, until the gas is entirely conyerted to liquid. By opening the 
cock s a little toward b, the water g^radnally escapes, and when the 
pressure is sufficiently diminished to allow one of the liquids to become 
gaseous, it assumes this condition as rapidly as the water can escape. In 
opening the apparatus to empty it, the communication between 6 and the 
cylinder must be left opened ; otherwise a rarefaction is produced in 0, 
when the pump is unscrewed, and part of the gases escape from the tubes. 
It is well, before opening the apparatus, to remove the water firom 6 by a 
siphon. The apparatus must be emptied each time, because one of the 
gases decomposes, and all are gradually absorbed. 

With this apparatus, a vessel is usually furnished to show the com* 
pressibility of water, according to the method of Colladon and StomL 

[858] A similar experiment can be made with the air-pump and ether. 
Take a perfectly clean glass tube, about 24 centimeters long, somewhat 
contracted and closed at one end, and fill it to within 5 millimeters of the 
top, with hot boiled mercury, poured through a long, pointed tube, (§ 96.) 
Fill the rest with boiled ether, and insert it in mercury. Beside this tube 
place one of the same length, inclosing about 3 centimeters of air. If the 
ISg. 738. &i^ is slowly exhausted, the mercury at first sinks in the 

air tube until the tension of the vapor of ether is equal 
to the pressure of the air which remains, when vaporiz- 
ation begins and the mercury in the air tube remains 
stationary; on the readmission of the air, the reverse 
takes place. The pump must be worked very slowly, 
else the mercury will not remain stationary in the tube. 
The experiment should be tried before exhibiting it, for 
upon the admission of the air, an air bubble usually 
appears above the ether; the ether tube must then be 
closed with the finger, removed from the cistern, and 
filled up with boiled ether. If too much ether has been 
introdaced at first, exhaust the air, until a portion of it 
escapes by evaporation. Fig. 738 represents the appa- 
ratus complete. A wooden cap is fitted tightly upon 
the glass cup a; this supports a board with a cross- 
piece having two holes for the tubes. When the tabes 
are plunged in the mercury the cistern must be nearly full, and should. 
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tbenfon, be Mt in » largor Tsssel; the ezcets miut be ponred oat befan 
the wooden cap la slipped orer tbe tubes. The experiment is sdll more 
InatrnctiTe, if a boiled barometer tube can be introduced nnder the 
receiTer at the ume time, bnt it mnst be, at least, 15 inches higb. 
Instead of filling the tnbes hot, it can be done u described in § 351. 



1 OH THB BIFFirsiOV OF TAPO&S THBOVOH 



[S59] la order to demonstrate the law that gases, which, in a state of 
satnration fill anj space, when mingled with other gases have the same 
tenrion as in a Tacnam, make tbe same arrangement as for Mariotte'i 



law, § 98, and then introdace into the 
barometer tnbe a few drops of salpbnric 
ether. The mercni; sinks immediate!;. 
If the air be reduced to its former 
Tolnme, hj depressing the tnbe, the ten- 
don wlU be increased b; an amount equal 
to tbe tension of tbe vapor of ether in 
racao, at the gir«i temperatnre. This 
maj also be shown vei; simply in the 
following way: Take a flat-bottomed 
flaek, fig. 739, fit in it a good cork with 
two glass tnbes, one of which is bent to 
serve as a manometer. Dry the flask 
thoronghly by connecting one of the 
tabes with the air-pomp and the other 
with the chloride of calcinm tnbe, fig. 
7S9, by means of caontchonc connectors, 
and making several strokes with tbe 
pump, at intervals of 15 mlnntes. When 
the vessel is filled with perfectiy dry ^r, 
Fig. 740. 



Fig. 789. 




disconnect it, and ponr some mercory into the manometer tnbe. Oonnect 
a small fiumel, fig. 741, to the other tnbe by means of india-rabber, which 
is sqaeezed together by a clamp, (§ 104.) Pot water in the ftannel, and 
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lei a fewdrope (Ul into the fiariL Before long, the meicwy in the maiio- 
meter will indicate an increase in the tension of the air within. There 
are aereral other pieces of apparatus for similar exporiments, which are, 
however, expensire and not easy to handle. 



Fig. T43. 



Fig. 742. 



Fig, Ul. 





[360] The following experiments, in addition to those enumerated in 
§ 102, 9, serve to show the influence of pressure upon the boiling point : 

(a) The water-hammer. Blow a bulb upon a stout glass tube, fig. 742, 
I'foot long, and draw out the tube beyond this to a point Fill the 
tube with water up to the bulb, boil away enough to leave it half fuU, 
and, while boiling, melt the fine point In such cases, as the tube 
becomes verj hot, it may be held with a wooden clamp, fig. 743, taken 
from a stand to be described hereafter. As the tube is now vacuous, 
water will boil in it by the heat of the hand, when it is held by the bulb 
in a nearly horizontal position. If quickly turned up, so as to let the 
water run in the other end of the tube, it will strike with a sound like 
mercury in the barometer, without breaking the tube, if well annealed. 
To make this requires a hot fire and a steady hand. 

(b) The pulse-glnss. Blow two bulbs on a glass tube, bend the tube 
twice at right angles, as seen in fig. 744, and draw out the end to a point 
Fill the bulb a and the tube with 70 to 80 per cent alcohol colored with 
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Braail-wood, expel tbe kir by boiling, tni seal tii« tube, vith iboat half 

ft bulb full of alcohol in it When held horlsonUJlj by one bnlb 

with the balba nppeimoet, the Fig. 144. 

liquid will be driven with lively 

eballition from one bnlb to ib» 

other, and a Benmble degree 

of cold prodnced bj the evap- 

orizatioQ. 

(c) A similar experiment, well known aa the cnlinor; paradox, may be 
made bb represented in fig. 145. The flask a Is closely COTked, while the 
water within is in rapid ebnllitlon. The application 
of coH to the exterior caiuea Uie eballition to com- ^- '**■ 
mence ^^ain, antU the temperature of the whole 
falls below the point at which water bolls in tbcho. 

(d) Papin's (Ugealer. For illnstration. It ta 
sufficient to show the rise of the boiling point wttJi 
the increase of preasnre np to a few atmospheres. 
For this pnrpose the boiler shoold be in a cylindrical 
form, 5 inches wide and 12 to 15 inches long; the 
metal most be S millimeters thick, to bear witii safety 
an over-pressnre of four atmospheres. The boiler 
most hare a safety-valre, and a gange-cock to test 
the he^ht of the water, which shoold not sink below 
the level of the sarbce exposed to the fire, a steam- 
cock, and a thermometer. The boiling point of the 
latter must be witiioat the vessel; its scale need not 
be gr&dnated above 400" F. It is cemented In 
with litharge cement. If the fire-pan be insulated 
by fonr glass legs, as in figs. 746 and Til, the boiler 
may be nsed as a soarce of electricity. The fire-pan 
is made simp^ of sheet iron, the posterior edge a a, 
fig. 741, being bmt slightly inward. It terminates 
at the back in a short pipe, which should be con- 
nected with a good chimney. It shoald have a 
grate and door. The boiler may be heated with 
spirit eontwned in a box fitting into this pan, and 
provided with 13 to 20 wicks, stack through holes 
In the top. A pint of spirit is sufficient for a series of experiments with 
a boiler of the dimensions given, especially when filled at first with hot 
water. Fig. 748 represents the lamp. The precaution must never bo 
neglected not to allow the water to fall so low as to leave any part of the 
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beated mitact oncoTerad. With nicli null dlmonsloiu » gmsgo-tidie 
cunot be ^iplied, ud when the preasDra la high the wMer-cock ■Imjt 




BeemB to emit Bteam, because the very hot WBter eraporatea in the open 
&lr; bat if the hand be passed throagh the jet, the copious moiatara 
deposited will farniBh pretty safe evidence whether the steam contains 
liquid water. 

Fig. T48. Fig. 749. 




If it be desired to open the boiler, either to clean it or to introdnce 
Bomething into it, an iron ring shoold be riveted to the end, and the plate 
with the gauge-cock screwed to this, as seen in 6g. 719. 

For these experiments, the weight required by the Bafetj'-TalTe for each 
atmosphere should first be calculated, the boiler placed under the balance, 
the lever Bnspended by its fnlcmm, and the slide moved until it connter- 
balanees the weight in the other pan. The pomtion of the weight 
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cornflpondiDg to each half atmosphere is theo mariied on the lever. 
The Talre must close the aperture exact!/, and the size of the aperture 
most be verj accurately measured. The thermometer is theo inurted, 
aod the boiler heated with Tarjing loads apon the valre, Dotil the steam 
not only escapes here and there, but reallj opens the ralre, and the load 
of the latter is thns controlled, before the marks are permaoentl; cot into 
the lerer. When the apparatus is designed for no other use, the form 
ehoTD in fig. ISO Is the simplest In this figure, the thennometfir is 
inaerted in metcniy contained in a short iron tnbe screwed Into the top. 



Fig. 750. 




[861] LeidenftoBfB experiment. — Take a small direr or 
platlna capsule, fig. 151, heated to redness over a spirit-lamp, and let a 
drop of water fall npon it from a glass tnbe. 
When the spirit flame is good, several drops ■**?' "" ' 

ma/ be let fall In qnick snccession. While the 
capBole remains over the fire, the water evapo- 
rates ver/ slowlj, with a constant, tremnlons, 
rotar/ motion; large drops assomiog often an almost aogitlar fonn. 
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The last minate drop explodes saddenly. When removed from the fire 
the water begins, as soon as the capsole is cooled below red beat^ to 
adhere to the sorftu^, and eraporates yerj rapidly. Other metals, and 
OTen glass, exhibit the same phenomena. The experiment can be made 
with a silver teaspoon, if the lamp bnms well It sncceeds beantifnllj in 
a large platina dish, bnt it mnst be heated over bnming coals, or a gas 
flame. In a plathia cmcible, water can be aoenmnlated sufficient to 
immerse in it a thermometer, which will indicate 208^ to S09^ F. To 
see the tremnlons motion, and the angnlar figures which the drops 
assume, the spoon shonld be fastened to some support 

The experiment of passing the hand through molten metals belongs in 
this place. If a sufficient quantity of lead (10 to 20 lbs.) be melted in an 
iron pan, it may be stirred with the hand withont the least iiyury, 
and, indeed, a sensation of coolness is felt, when the hand is moistened 
with ether. 

[362] Hygrometers. — ^IJnder this name are included all instru- 
ments used to indicate the amount of moisture in the atmosphere. They 
are of two classes. To the first belong two instruments which g^ye the 
degree of moisture directly: that is, whether the air is more or less satu- 
rated with moisture ; the actual quantity of vapor «f water being determ- 
ined by the aid of a thermometer. The instmmeiitB of the other class gire 
directly the quantity of water, and the fraction of saturation is determined 
by the thermometer. To the first class belong those toys which have a 
catgut, 2 or 3 inches long, fastened at one end, with an index at the other. 
XJsuallj a human figure is chosen, upon the back of which a quill is fixed ; 
the catgut is contained in this, and is fastened at the further end of the 
quill, with the other end of the string passing through the figure to the 
arm, which serves as an index. These things have no scale. 

Besides these, there are hygrometers of wood, whalebone, and hair. 
They all have a centigrade scale. The zero point is obtained by placing 
the instrument, with chloride of calcium or Nordhausen sulphuric acid, 
under a bell-glass, and marking the position of the index, when stationary, 
which will be in about six hours. The point of saturation is 100^, and is 
obtained by placing the instrument with wet blotting-paper under a bell- 
glass. It is incorrect to plunge the whole instrument in water, as 
directed by De Luc, in order to find the point of greatest saturation of 
the air. 

(a) The wood hygrometer. Figs. 752 and 753 are a plan and view 
of this. Two wooden rods are fastened upright in the board a a ; these 
are grooved on the inside, and in these grooves is inserted a slip of fir 
c c, not over one line in thickness. It must be made of fine grained 



PHTSIOAL KXPEBDCBNTATION. 



481 



mod, free from knots, and miut ilide easilj in tbs grooves. To one ot 
the ban is futened a plate d, npon the back of which is the pin e, fig. 
F^. 758. 




Fig. 764. 



A. 



16i. An index is fixed on the first offset of this pin, and held down bj a 
tita/, riveted on the second oEbet. The index mores freely, andreets bj 
» pin <»i the slip c, which conseqnentlj r^ses the index when expanded 
1^ the mofstnre. Wlien the wood contracts, the index sinks bj its own 
w^ht The scale is marked on the oUier bar. 

(b) The hair hygrometer is the most nsefnl of all, because the 
bygroacopic body, which is a smooth, straight, bnman hair boiled in weak 
alkali, ia easily obtained. The hur expands from its condition of greatest 
dryness to that of greatest moistore, abont ^ of its length. Figs. 756 
and 766 represent the instmment : a a is a brass frame, on one side of 
which ia the dial-plate b, and on the other an arm c, supporting between 
them an axle, whoee circnmference is a little more than ^ the length of 
the hair. The axle is made to more an index over the dial-plate. A 
ptn is inserted ia the other end of the frame, and held down by a clamp, 
as seen in fig. 767. The hur may be fastened directly to this nail, the 
other end carried over the axle, and a weight of about 16 centigmmmes 
fiwtened to it The instnunent Is then complete except the gradn- 
ation. Instead of the weight, which is fneonTenieot in canying the 



48S PHYSICAL EIFEBIllB11TATR)ir. 

iiutninieDt, s Boe tplnl spring bmj be nsed, as wen in the igan. It 
mnat be niBde rather long, ao m to yield a tolenbl; imlfonn ndRtuce 



Fig. 756. Fig. 768. 



n 



1 



Fip. lit. 



Fig. 758. 



for the whole extent of the mo- 
tion, not exceeding 16 centl- 
grammea. Instead of carrjing 
the hair itself aronnd the axle. It 
U nsoBlly fastened bj elamp^ fig. 
T68, to rilk threads, and theM 
fastened to the lower pin and the 
axle. To prerent anj slipi^ 
on the axle, make a doable cat 
on it, as in fig. TSfi, and carry a 
separate string to the spring. 
The ends of the strings can be 
easily fastened to Uie axle, by a 
hole bored thnn^ it TUs 
gires the additional adrantage, 
that when a new hair is stretched, 
Its length may be altered antH it 
corresponds to the fixed points. 

(c) The whalebone hygro- 
meter is arranged essentially like 
the hair hygrometer, bnt the strip 
of whalebone is made only | as 
long as the hair; It mnst not be over 2 millimeters wide, and cut per- 
pendicular to the fitMrs. Uncut whalebone is difGcalt to obtain, and 
therefore not very snitabla for a hygrometer. Much pains have been 
taken to make these iDstraments comparable with each other ; bnt when 
Fig. 759. one reflects that they all gradnally lose their hygro- 

scopic properties, and even hair hygrometers, 
whose fixed points agree, vary in the intermediate 
parts of the scale, it seems useless to attempt 
fbrther perfection. 

{d) Daniel's hygrometer. This instmment is 
represented in Sg. 759, and must be boaght from 
a reliable maker. The scale of the thermometer 
inclosed in the longer limb is now usually made 
of glass, and nnited with the apper end of the 
thermometer. It most be immovable in the tabe, 
which is, therefore, narrowed toward the baib. 
The balb of the thermometer mnst dip into the 
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Fig. 760. 



efher, without ioQching the bottom of the bulb. A ring, 2 or 3 lines 

wide, around the middle of the bulb a must be gilded, and the bulb must 

contain enough ether to reach the middle of the gilt ring. The bulb h is 

corered with muslin or fine linen. Another thermometer is fixed on the 

support, and both have centigrade scales. To use the 

instrument, pour on the bulb h enough sulphuric ether to 

moisten it thoroughly, but not to hang in drops. The 

bottle, fig. 760, is conyenient for this purpose, the 

heat of the hand being sufficient to drive out the ether. 

Not only the temperature at which the dew forms on 

the gold riug should be observed, but also that at 

which it disappears ; the mean is the dew point After 

the observation, the ether condensed in h must be 

allowed to run back into a. Yery exact observations 

can be made only with the telescope, the heat of the 

body rendering the data of the instrument incorrect. In the following 

table gives the amount of vapor and its tension, for temperatures for 

— 20«^ to + 40^ C. 




TMnperatnre 

of the 

dew point 


Tension 
of the 

aqneons 
▼apor. 


Weight of 
aqaeone 

TI^KVinl 

enbic 

centimeter 

of air. 


new 

point 

■ 


Tenilon 
of the 

aqaeona 
Taper. 


Weight of 

aqneons 

Tapor in 1 

enbic 

centimeter 

of air. 




mm. 


«r. 






gr. 


— 20O 


1-8 


1-6 


190 


16-8 


16-2 


— 16 


1-9 


2-1 


20 


17-8 


17-1 


— 10 


2-6 


2-9 


21 


18-8 


18-1 


— 6 


8-7 


4-0 


22 


19-4 


19-1 
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iH PHTBICAL BXPEEUEHTATIOK. 

From the temperature, which the exterior tiiermometer indicatM, is 
derired the highest tension which the vapor conid aaenme, and the 
qaotient of this into the aetnal tendon according to the interior thermo- 
meter, giveB the moistnre of the atmosphere. 

(e) BegnauU's kygrotnefer. Since gleas u & bad conductor of heat, 
the gilding of Daniel's thermometer has not exactly the temperature 
indicated by the internal thermometer, for which reason Kegnaalt, and 
before him D5ebereiner, has proposed the following modifications : A 
Teasel of thin, polished sUrer, abont 2 centimeters wide and 1 centimeters 
high, is fitted tightly on a g^ass tabe a, fig. T61, and filled with snlphnric 
1 Fig. 161. 




ether. The other end of the tnbe is closed by a cork, throagh which 
pass a thermometer t, and a tnbe B dipping into the ether, and a second 
short glass tnbe. By blowing through B with the mouth the ether 
evaporates and thereby cools the silver, so that the temperatnre at which 
dew is deposited on it can be observed; a second thermometer indicating 
the temperatnre of the air. 

It is better to fix the apparatus on a stand, and draw the fur throagh 
ai aspirator, as seen in the figure. The aspirator is simply a tin vessel 
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Fig. 163. 



filled with mter. The lower Kpertnre has a stop-cook, hj which the 
flow of the wftter cbd be regulated. The aperture at the top is connected 
bj B caoatchonc tube with the ihort tnbe of the bygrometer. The glass 
bottle fitted np with a siphon, according to S 16S, fig. 296, may be need 
biatead of a. separate aspirator. The siphon serves for the exit tube, the 
sir-tnbe is conDected with the hygrometer, and serves at the same time to 
regnlate tite fiow. In this way the whole apparatns, except the silver 
cnp, can be made .at home at small expense. 

(/) I^ psychrometer. The thennometera In this instrument must 
be more delicate than those of the previous ones, and mnat be graduated, 
at least, to half degrees. The correctness of the fixed points, the corre- 
spondence of both thermometers, and the accnracy of the graduation, must 
be tested by careful observations. Both thermometers most be fostened 
on a common stand, so that the bulbs shall 
be free. The covered bulb should be moist, 
without drops of water hanging from it, and 
it is probably best to connect it with a cotton 
wick, dipping into a vessel of water placed 
just below it SnfBcient water is thus drawn 
np by capillarity. The wick must be renewed 
occasionally, which is no great trouble; fig. 
163 repreeeotB this instrument The instra- 
ment must be suspended in the open air, and 
protected from strong cnrrenta. Under these 
circumstances, the tension x of the aqoeons 
vapor may be calcniated by the following 
formnla: a: = / — OOOtlS (( — (') ft, / 
being the tension of the satnrated vapor, 
at the terapentare (', in millimeters ; (', the 
temperatuTe of the wet; I, that of the dry 
thermometer, according to Gelsios; 6, the 
height of the barometer rednced to the freez- 
ing point The effect of b is seldom greater 
than O'l of a millimeter, and, therefore, 
where the greatest accuracy is not required, 
the mean height of the barometer may be taken, and the factor b 
combined with the other constants; if 6 l>e taken = 740 mm, then 
x^f — 0-514 (( — C.) To obtain the quantity y of moisture con- 
tained in the air, let q be the quantity at the temperature i', then 
y s= 9 — 0-65 {t — ('.) The following table contains these numbers 
calculated for the psychrometeric differences firom 0° to 19°, and the 
temperature of the air from — 90° to -1- 85° C. 
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[868] Latent beat of SteaiO. — The great qoaotity of latent 
heat in ateam maj be shovn hj the apparattu fig. 763. Poor Into the 
ejUnder c a cortdn weight of water at a known temperature, and canse 
the water in a to boQ before inserting the tabe b into the cylinder. The 
boiliDg la kept np until all the ur ia driven ont of the t^paratiu, which, 

Fig. 763. 




m^ 



for an apparatus 6 times the site of tlie flgnre, will reqnire S or 8 
minntee. The tube 6 is then Introdnced into the cjlinder, withont inter- 
rupting the boiling. The Bteam condensei, and the water rins in the 
cylinder. When it has Increased abont -fg, withdraw the tube b, and 
weigh the water agidn, after noting its temperature. A thermometer 
with a YVTj Binall bulb most be used, and only the bulb immersed, as the 
immendoo of the whole instrament with its scale would caose a greater 
error by cooling the water than would be avoided by sinking the mercory 
to the top of the colamn. 

The calculation is simple, as the following example shows : Water 
weighed Iwfore the experiment 60 grammes, and aftfirwards 66*1. The 
temperature before the experiment was 12° C, afterwards 68-5° ; the 60 
grammes of water gained, therefore, 56-6°, that is, 60 , 56-6 = 3390 
nnits of heat; 6-1 grammes of steam lost 31-5° of heat, imparted there- 
fore 81 '5 . 6-1 = 199 anits ofheattothe other water; 8198 Qnits of heat 
are dne to the latent heat of 6'1 grammes of steam, 1 gramme has, there- 
fore, yielded 694 nnits. Although in this expeHment the latent heat of 
■team always resolts too low, on acconnt of the loss ^m the glass and 
the sir, together with the water which condenses is the tnbe b, it is very 
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well suited to show the fact, and to g^ve an approximate idea of tlie 
quantity of latent heat in steauL 

[364] The OOndenser. — A very simple, and for small operations 
Tery useful eondenser, is represented in fig. 764, which is particulariy aoitable 
for the illustration of the apparatus. It consists of a glass tube, 1 to 1^ 
feet long and 1 inch in diameter, through the center of which passes 

Fig. 764. 




another tube, \ inch in diameter, projecting on both sides and fitted 
tightly through corks. One end of the inner tube, which projects but 
little, is somewhat enlarged ; the other end, which projects 3 to 4 inches, 
is contracted. At this end a small tube, 5 or 6 inches long, bent at an 
acute angle and terminating in a funnel, passes through the cork. A 
similar tube, bent twice at right angles, passes through the other corL 
The condenser is fixed in a sloping position, the funnel tube perpendicular, 
and rising higher than the upper end of the condenser. The neck of a 
little retort is inserted in the large end of the inner tube. Water is poured 
through the funnel so as to fill the large tube, and as it gradually becomes 
heated, it runs off again through 6, condensing the vapors in the inner 
tube. The water may be drawn by a siphon from a higher vessel, and 
the flow thus regulated as occasion requires, or a Mariotte's vase may be 
used instead of the siphon. 



Fig. 765. 



-tiL 



O 




[365] The cryopho- 

rus. — This is represented 
in fig. 765, about | the real 
size, but it is convenient to 
have the two arms, on which 
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the bulbs are blown, somewhat longer than in the fig^ore, and the croM- 
piece proportionally shorter. The glass is constmcted like the poise- 
ifiMm. It is filled with water, and the boiling mnst be done over a wide 
charcoal fire, so as to heat the tube throughout its whole extent When 
the water has boiled long enongh, and one bnlb is not qnite half full of 
water, seal the opening with a blow-pipe. To make the experiment, all 
the water is g^ into one bnlb, and the other plnnged into a fuzing 
mixture of pounded ice and salt, so as to cover the entire bulb and part 
of the tube. When the vessel containing the freezing mixture is small, 
it may, previously, be surrounded with ice. It is advisable to interrupt 
the experiment as soon as a film of ice forms in the free bulb, because the 
entire freezing of the water is apt to burst the bulb. When the experi- 
ment is made in summer, a draught must be created, so that the air may 
be as little charged with aqueous vapor as possible, which is apt to occur 
with a numerous audience, but the bulb itself must not be exposed to the 
dranght 



Fig. 766. 



{d.) SXPESIKEHTS TO ILLVSTRATE THE STEAM-EHGIHE. 

[366] HerOB' rotating balL— Blow a large glass bulb with 
two points, pass these through a wire handle and bend them as shown in 
fig. 766. Warm the bulb, and, closing one point with 
the finger, draw in a little water. If the water be 
heated to boiling over a spirit-lamp, while the bulb is 
dowly turned, the pressure of the escaping steam will 
cause it to rotate rapidly. The handle itself may be 
made of glass, in which case the jets are first bent, 
and then the handle, made of two slender glass rods, 
which are attached to the. bulb, and afterwsrds joined 
together. 

[867] The steam-engine.— In illustrating the 
steam-engine, it is of the greatest importance to give 
a clear idea of the mode of working the valves, and of 
the action of the condenser in the low-pressure engine. 
For the latter, you may revert to the experiment de- 
scribed in § 364. 

In respect to the working of the valves, it is enough 
to explain any of the various arrangements by which 
the new steam is introduced, alternately above and 
below the piston, and the spent steam withdrawn ; 
that is, to consider the action of a double-acting 
engine, no others being now in use. The best for this purpose are the 
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Fig. 7«l. 



sUding-TalveB, and r sectional model should be nude. This can be done 
Tei7 simply in the folIoTing way: Tint, bend an iron wire, flg. 76T, M 
as to obtain tvo cranks a and b, at 
right angles to each other, and tlM 
third c, d, whose position Is indiSinent 
Make for this a wooden frame, i^. tS8, 
consisting of two rectaagnlar divisiona 
A and B ; the first of which repre- 
sents the cylinder, the other the 
steam-chest. The channels 1 9 8 are 
painted on the partition between them, 
with white paint on bhtclE ground : 1 and 3 leading from the ateam- 
chest to the cylinder, and S into the open air, or to the condenser. The 




Fig. 168. 



sice of the apertures 1 
chest is eqoal to the length of tba 
crank a, and the flanges of the slide 
are made of the same width. The 
slide is made either of brass, or wood 
painted yellow, and pressed against the 
partition between the two compart- 
ments by a alight spring e e acting 
against the side of the frame. The 
bars n and o are grooved op as far as 
the length of the box A ; a cross-bar 
p is fixed iietween m and n to setre 
as a guide to the Talre-rod I I. Be- 
fore the frame is pot together, the 
croBB-bar, fig. 769, is put into the 
grooves between n and o, so as to 
slide ^ely. The piston C consists 
of a bit of wood, and the piston-rod J} 
is passed through boles in the cross- 
bar q and the top of the cylinder at r, 
and glued fast to q and C. Finally, 
make the rods I and u of stoat wire ; 
the latter appears foreshortened in 
the figure because its crank is horizontal ; lay the axis in notches in the bars 
m n o, and fasten it down with little wire staples. The Tolve-rod I is 
made of wire, with a screw on the end, and the slide is 
fastened to it by two nuts, so that when the crank a 
^IhSSiim^ stands horizontal, the slide would be in the middle of 
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the partition between A and B. It is best not to mark the channels 1 2 
3 until this is done, and to fix their position according to the actnal 
motion of the slide. A little tnbe x represents a steam-pipe. By tnming 
the crank c d^ the piston and the slide will make the corresponding 
motions, so as to illustrate fully this important part of the steam-engine. 

An eccentric wheel, fastened at a, instead of the crank, would serve to 
iUustrate this much-used contrivance. In this case, the support outside 
of the slide could be omitted, and the axis made a little stronger. Large 
diagrams may be used for further illustrations, but, better than all, a 
working model 

[368] Models of steam-engines. — That the lecturer must have 
some means of giving a correct conception of the working of a steam- 
engine, is beyond doubt; but whether a model is necessary, is quite 
another question. If the means can be commanded, it will be well to 
provide a model ; but certainly, there are many things much more valuable 
and necessary. The following points are important in constructing a 
model: — 

(a) It must not be executed in what is called the model style, t. e., it 
must not be merely a little machine, which turns a wheel by steam, 
omitting everything which is not necessary to this object ; but it must be 
accurately copied from some steam-engine in common use. 

(6) The construction .of the model-machine must be plain and easily 
understood, and must admit of the steam-chest being covered with glass. 
It is not necessary to have the cylinder and the pumps made of glass. 

(c) The model must not be on too small a scale. 

It is more important to show the action of the separate parts by taking 
them to pieces, than to set the machine actually in motion. It is better 
to work the model by a force-pump, than by the boiler, because it 
injures it to be left standing a year after using it with steam without a 
thorough cleaning, which consumes considerable time. 

[369] The locomotive. — One of the most valuable special forms 
of the steam-engine is the locomotive, and the principal points of its con- 
struction cannot be well omitted in a course of physical instruction. The 
chief peculiarities of the locomotive engine, are the construction of the 
boiler and the arrangement for running forward or backward at pleasure. 
Both of these may be well illustrated by the following sectional model : — 

Have a frame, a abb, made of hard wood, figs. ?tO and 7*71, of such 
dimensions that the model will be ^jf of the real size ; c o are only pieces 
which serve to fill up. At the front a block of wood, m, is inserted in 
the frame, so as to be even at the top at e e. Fashion the half of this 
block into the section of the cylinder/, fig. 772, and of half of the steam- 
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chest g, which lies between the two cylinder^ as shown in section in the 
figure, leaying the front and rear walls standing. Excavate the npper 

Fig. 770. 




Fig. 771. 





surface, as in the figare, and screw the block in its place. Bore holes for 
the driving-rod and the valve-rods. On the partition 7i, fig. 772, between 
the cylinder and the steam-chest, mark the apertures for the valves, jnst 



Fig, 772. 



Fig, 773. 





as the model, fig. 768. In both cases this is the last thing to be done; 
i i is a board, like fig. 773, set upright in the frame, with the necessary 
holes for the rods connected with the piston and eccentric. Between this 
board and the block m are fastened four grooved bars k, two of which 
serve as guides for the piston-rods, only half the machine being worked 
np, and the others, therefore, remaining unemployed ; n is a cross-piece 
screwed between two bars, and serves as a guide for the valve-rod ; it is, 
for this reason, made of two halves. Notches are made in the cleats e e e, 
fig. 770, for the wooden axles of the wheels, which are only disks of wood. 
The wheels run outside of the frame, and are glued to the axles; the 
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driTing-whdek axe made rather smaller, so thai they can be turned 
fireely by a handle^ when the model stands on the foor mnning wheela 
The driving-axle is made of hard wood, in one piece, not glned together, 
the length of the cranks, which are placed at right angles to each other, 
being dependent npon the stroke of the piston. The piston consists of a 
thin disk of wood. The eccentrics are also made of wood, and must, 
therefore, be rather larger than the proper proportion, to insnre the 
requisite strength. Their edges are grooved, to receive rings made of 
wire. The hole for the axle is so arranged that the fibers of the wood 
may run perpendicular to the line drawn through the center. The disk 
is split in the line a b, fig. 774, and glued upon the axle in such a position 
that the prolongation of the valve-rod will pass between the two disks, 
which lie close together. The eccentricity of both is placed in a straight 
line, at right angles to the axis of the crank, no account being taken here 
of the effect of expansion. 

Fig. 775. 



I^> 774. 





Fig. 776. 



Fig. lit 





The rings aa,bb, fig. 775, are made of flattened wire, and a thicker, 
flattened wire, c d, soldered to one of each pair. The projections a a 
are filed out a little close to the ring, so that the two sections of the ring 
can be tied together with binding- wire. The two rods must be bent toward 
each other so that their ends d may lie in the same vertical plane. The 
links are made of two plates, fig. 776, riveted to two strips of brass, 
^g» t77, in which the rods of the eccentrics run on pins; the complete 
imitation of the ordinary construction on such a small scale being difficult 
and quite unnecessary for the present purpose. On one side a cross-piece 
is riveted, with a pin ending in a screw, with 
which the arm a?, fig. 771, of the bar z, is con- 
nected, so that the links can be raised and 
lowered by means of the lever v and the rod w. 

The valve-rod, fig. 778, which has two rollers 



Fig. 778. 
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a a, is inserted in the link, in which the rollers most more smoothlj 
np and down; they mnst, therefore, be gronnd with emery. The portion 
of the Talve-rod which mns in the guide n, fig. 771, is square. The yalre 
itself consists of a strip of brass, as already explained in fig. 768; the 
spring is omitted. Figs. 779 and 780 represent the parts with the valre 
k and the crank n in two positions, the form of the links being somewhat 
changed. 

Fig. 779. 




Fig. 780. 






■j K B^p '"4 




The piston-rods and connecting-rods are made as described in § 368, 
the guide of the piston-rod being shorter as the bars k k come much 
closer together in this case than in that Feed-pumps are not necessary 
in the model. 

Set on the frame a half-round wooden model of the boiler, with its 
furnace, smoke-chamber, chimney, and dome, a longitudinal section of the 
internal arrangement of these parts being painted on the block. Fig. 
781 represents the surface which is painted, and figs. 782 and 783 are 
sections of the block in the lines indicated in fig. 781. It will be seen 
that this model has a rabbet on the round side of the furnace, which fits 
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on the frame aa,bb, fig. 11}, the haJf-roand part of the boiler fitting In 
the concftTity of the board, fig. IIS. If the model is made to be taken apart, 
as Indicated b; the dotted lines, these sarfaces maj also be corered with 
paper, and the respective sections painted on them, the pieces being held 
together b; pegs. 

Fig. 181. Fig. 182. Fig. 783. 




The foregoing paragraphs contain hints for the constmction of a 
sectional mode), bnt the ezecation presupposes an acquaintance with all 
the parts of a locomotive, and some accurate drawing mnst be taken as * 
guide. 

Large diagrams maj be used for farther illustration of the separate 
parts, when a railroad station is not accessible. Even in this case, a 
sectional model is osefnl for the previous explanation of these parts 
which cannot be seen at all, or at least not in action.* 

What has been said respecting a working model of a steam-engine 
applies to the locomotive, and the latter is much less indispensable. 

(«■} EXPESIHESTS OV BPECIFIO HSAT. 

[3T0] Of the various methods of showing the specific heat of bodies, 
that b; mixtnre is the onlf one adapted to class illustration. The most 
instructive experiments are : (1) The demonstration of Bichmann's lair, 
by mixing two weighed quantities of water at different temperatures, In 
order to show that the capacity of water is constant at different tempera- 
tures; and (2) the mixtnre of mercury and water, to show the low 
specific heat of the former. In the first experiment, the temperatnre of 
the mixtures being first calculated, the vessel is warmed with water to 

. * Modelt of tMith these niMbioM, nil axmoted, and In man; rcspMti atrongcr 
tbsn here deicribed, ullk inttmal or eztnuai ejUndert, may be had of Wldman, In 
Fnibnrg, ftir ttvm 8 to 10 doUtrs. 
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this degree; this is emptied oat, ud the hot and cold vttter immediatdy 
poured In, and stirred with & thermoineter. Id the second experiment, 
titb precention Is not neceasary; the mercarj being added to water at 
the ttmperatnre of the air, and rapidly stirred with an iron rod. It ii 
simplest to take 1 lb. of water at the temperature of the sarronndiDg air 
=^f, and heat 1 ]b.of mercarj to 108-5° F.^-t. The mixture will have a 
temperature t + SI '2. The precantions given will insnre resalts as nearly 
accordant as the purposes of instmction require. 

The change of the specific heat of gaseous bodies, by ezpansioo and 
compreerion, can be shown by the air-pnmp. For this parpose, snspend 
a sensitive thermometer (one with fine tube and large bnlh) In a small 
receiver, and exhanst the air rapidly ; the thermometer will sink from 2 to 
4 degrees. If the commnnication with the air be now cut off, and the appa- 
ratus allowed to stand until the temperature is again eqoaliEed, and the 
air then admitted, the thermometer will rise. The reverse effect is pro- 
duced by condensation. The resnlt is certain, bnt can only be seen by a 
few at a time. Spirit thermometers, although more easily observed, are 
too dnll for this experiment The diminished capacity of gases, for heat, 
by CDDdeusatJon, may also be shown by the fire-syringe. This consists 
of a glass or metallic cylinder, A S, fig. 
JVj.784. Fig^ 786. 1^^^ with a rounded base, which is laid 

in the hollow of the hand, the cylinder 
itself being held between the fore and 
middle finger. A piston, c, fig. 785, 
with a cavity in the end, fits air tight 
into this cylinder. This cylinder has 
also a ronnded handle, and a little hook 
is usually placed in the cavity, to hold a 
bit of tinder, If the piston be forcibly 
driven into the cylinder and quickly with- 
drawn, the tinder will take fire. This apparatus can be very well made 
in the following way : Take a piece of brass of the requisite thickness — 
it is convenient bnt not necessary to have it cast; wbeu soldered to- 
gether it renders boring difEeult — and bore out a block of wood on the 
lathe, BO that the cylinder can be driven into it Turn off the top of the 
brass, and bore it through with a cannon drill. It is better to use two or 
three drills snccessively. Next, take the block with the brass from the 
lathe, close it at one end, insert in it a stout iron wire, and fill it with 
melted lead. This wire, with the lead, is fixed on the lathe, smeared 
with emery and oil, and the tube gronnd out with it, being constantly 
turned and slid back and forth. 
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: Several cylinders of lead most generally be used, the last with fine 
pumice powder and oil. The piston-rod is made of a steel wire, turned off 
to make a shoulder for the plate a. A screw is cut on the end for the 
piece bf and a little hole made for the hook c. Disks of leather soaked 
-with tallow are pressed between a and b, and turned on the lathe. This 
piston must move very easily, and yet air tight; it is, also,^ the best test 
of the uniformity of the tube. Finally, the handle of the tube is soldered 
to it with tin, the wooden case having been previously split of^ and the 
tube is then turned off smooth and polished. The apparatus sold in 
shops is not always made with so much care, and my chief reason for 
being thus minute, is to describe the mode of boring a tube. 

if.) EXPEEIMEHTS OH TEE DIITTJSIOH OF HEAT. 

[371] The radiation from heated bodies is easily shown by the follow- 
ing experiment: Take a sheet of pasteboard and cut in it a round hole, 
a little larger than the blackened bulb of the differential thermometer, or 
the aperture of the funnel of the thermo-multiplier. Place this screen 
upright on the table, and behind it the thermoscope, so as to be entirely 
protected, and support a mass of heated iron on a level with the aperture, 
at the distance of 1 or 2 feet. The thermoscope is not affected by the 
iron, until it is placed before the aperture in the screen in a straight line 
with the heated mass. The thermoscope must not be more than 1 foot 
from the screen. 

[372] For the remaining experiments on radiant heat, a pair of 
spherical or parabolic metallic reflectors, 14 to 20 inches in diameter, are 
required. They need not be very highly polished. Spherical mirrors 
are generally preferable, because they can be more accurately ground than 
parabolic ; the latter are not easily ground on account of their irregular 
curvature ; but spherical mirrors can easily be made accurate enough to 
be used for optical purposes. They may be made at home in the follow- 
ing way : — 

Make a model of sheet iron, with a radius of 1^ to 2 feet, the chord of 
which measures 14 to 20 inches. Have a mirror made after this model, 
of stout brass, (yellow metal,) with a strengthened rim. A good workman 
will give the mirrors very nearly the correct form, with only slight 
inequalities of the surface. Lay these disks in a tub filled with saw- 
dust, and grind them with a large piece of pumice-stone and water, until 
the whole surface appears uniform, moving the pumice-stone in epicycloi- 
dal curves. The surface will very soon become spherical If, after 
grinding awhile, considerable inequalities still appear, they can be 
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remedied bj huamering. The tedlons operation of grindiDg can be done 
by anj persoD, aoder proper snperrisioD. When tlie surface is uDifonnlj 
ground with pnmice-Btone, take a thick piece of beech-wood cliarcoal, cat 
npon it a face inclined to the axis at an angle of 45^, ronnd it off into 
the shape of the mirror, and with it grind awaj tlie marks of the pomice- 
stone, bj the tud of oil. The final strokes mnst be made fh)m the mugin 
toward the center. The final polish is imparted with whiting. 

The finished mirrors are screwed to a strong plate of brass, fig. T8ft, b; 
holes drilled befbre the grinding. The plate is attached below the center 
of the mirror, and hinged to the end of a bar of wood, aboot 1^ inches 
square, on which it may be elerated or depressed by a wooden screw, b, 
fig. 181. The bar most be, at least, 3 feet long, and be fastened in a 
triangular or square base, so that it can be placed immediately npon the 



Fig. 786. 



Fig. 188. Fin. t8! 



Fig. 1S1. 




floor. No other adjust! ng-screws are required It is conrenient to 
attach to the vertical support a horizontal arm, of snch a length that the 
hole o, bored in the end of it, will be directly under the focns of the 
mirror. In this hole can be fastened by a binding-screw d, either a little 
table, fig. 188, or an iron fork, fig. 189, or a pointed wire. The table must 
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be broad enough to support the differential thermometer witn one of its 
bnlbs in the focus. Separate stands may be used for many purposes, as 
in fig. 790. 
A coyer of pastebord should be made to protect the mirror from injury. 

[378] Experiments with the reflectors. — Place the two 



Fig. 790. 
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mirrors parallel to each other, 
fig. 790, at a distance of 10 or 
20 feet, with their axes in the 
same straight line. The proper 
position is most easily found, 
by placing a light in the focus 
of one mirror and moving both 
until the image of the light is 
seen in the focus of the other. 

(a) Place in the focus of 
one mirror the blackened bulb of the differential thermometer, and in the 
other the iron fork, fig. 789, supporting a mass of 1 or 2 pounds of iron, 
heated nearly to redness. The thermometer will immediately indicate 
considerable heat, which will cease when a screen of wood, pasteboard, or 
glass is placed between the two mirrors — glass being, however, ather- 
manous only for rays of heat radiating from bodies below 212^ F. 

(6) Place a li?e coal in the iron fork, and a bit of tinder in the focus 
of the other mirror ; the tinder ^\\\ soon be ignited, and the effect is not 
prevented by a pane of glass held between the two mirrors. In this case, 
however, it is advisable to place the mirrors nearer together, especially 
when they are not accurately spherical, because the heat is somewhat 
diminished by the glass, and the rays not being reflected entirely parallel, 
that portion which strikes the second mirror may not be sufficient to 
ignite the tinder. The coal must be briskly blown by a hand-bellows. 

(c) A lump of ice placed in the focus of one mirror will cause the 
thermometer to sink in the focus of the other. 

{d) Take a cubical brass box, polish one side, roughen another, paint 
a third white with lead and gum water, and blacken the fourth with lamp- 
black. When this is filled with hot water and placed in the focus of one 
of the mirrors, the difference in the radiating power of the four sides may 
be shown by the differential thermometer. The mirrors must be placed 
only a few feet apart, and the side of the cube next the thermometer 
covered with white paper to prevent radiation in that direction. This 
experiment can be made with one mirror, fig. 791, the focus corresponding 
to the position of the cube being found by the aid of a light The cube 
must not be placed far from the mirror, and it is better to use two mirrors. 

29 
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Although the effect in the ordinary differential thermometer is veiy 
perceptible, a thermo*maltiplier, § 34 1, is mnch better for the purpose, 

Fig. T91. 




Fig. ?92. 



for, although the differential thermometer may be free from air and filled 
with alcohol, some rays of heat always fall upon the other bulb, although 
they may not be concentrated, and, what is of more importance, the 
instrument partially coTcrs the mirror. Besides this, it requires much 
longer for the differential thermometer to rest than for the needle of the 

galTanometer. It is not even neces- 
sary to wait for this, for the final 
deflection of the needle may be esti- 
mated before it comes to rest The 
great difference in the effect of the 
yarious sides of the cube makes this 
easier. The arrangement of the ex- 
periment is the same as in fig. 791, 
except that the thermo-pile, with its 
funnel turned toward the mirror, is 
put in the place of the differential 
thermometer. The pile is kept coyered 
until the poles are connected with a 
galyanometer. The water in the cube 
is, in the mean while, heated to boil- 
ing by a lamp placed under a stand, 
fig. 792. After remoying the lamp, 
uncoyer the pile, obsenre the deflection, and replace the coyer. While 
the needle is coming to rest, the lamp may be replaced under the cube, 
and another face turned toward the mirror. When the thermo-pile is 
used, the mirror is not necessary ; the funnel of the pile has only to be 
placed 1 or 2 inches from the side of the cube, eyen when the galyan- 
ometer has only a few hundred turns. 
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[874] CondUOting power of solids. — in the aide of a brasa 
vessel, fig. 193, solder from 4 to 6 sunilar tnbea, 3 or 3 lines long, and in 
these insert bars of Tariooa substances, sach as brass, iron, lead, glass, 
wood, etc, of eqaal lengtii and thickness. Coat these bars lightly with 
melted wax, and poar heated water or oil in the ressel; the wax will be 
melted on the ban to unequal distances from the resael. 



Fig. 798. 




Fig. 194. 



[ST5] Oondnoting power of liquids. 

— Sarroand a glass cylinder, fig. T94, with a 

metric venel ; fill the cylinder with oold water, 

holding chalk or amber in anspension, then 

place a thermometer, fig. 71 T, on the bottom of 

the gloss cylinder, and hang a second in the 

water at the top. When this is done poor 

hot water into the metallic vessel. The motion 

of the particles of chalk will prove that the 

heated water ascends at the sides of the cylinder, i 

while the colder portions sink in the middle. 

The npper thermometer rises rapidly, while the lower one remains 

unaffected. 

The low condncting power of liqaids may be shown by saspending a 
thermometer in a vessel of cold water, and then carefully ponring heated 
oU npon the snrbce, or setting a capsnle filled with burning alcohol apon 
It The thermometer remains a long time nnaffected. An air thermom- 
eter may be inBert«d throngh a cork, fitted in a hole in the side of the 
vesael, the bnlb being placed near the surface of the liquid. 

The simplest mode of showing this experiment is l4) fill a test-tnbe 
with water, and hold it by the bottom in a slanting position over the 
lamp nntil the water boils. 

The following experiment answers the same purpose. Fasten a glass 
tube, 10 or IS inches long and 1 inch in diameter, closed at one end, on 
B support, Sg. 795. Fill the tube with water, and sink a lump of ice to 
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the bottom of It bj a leaden weight ; the water ma^ be boiled in the 
upper part of the tube withont melting the ice. 




The Bupport Gg. ^95 is asefal for many pnrposea. The eliding arm a 
Happorta a clamp b, Been on a large scale in fig. 796. This can b« 
fixed in any position by means of the screw and nnt c. The apparatus 
may be had of all philosophical iuEtrnment 
makers. 

The circulation of heated water !a well 
shown by the apparatus fig. "IST. A glass 
tube is bent into a rectangle, and both ends 
cemented into a tubnlated brass collar. Tbe 
tabe is filled with water, rendered tnriiid by 
powdered amber, supported by a clamp, and 
heated at one comer. The two corners, a 
and b, Bhould be bent first, one of them 
cemented in and the other coated with seal- 
ing-wax ; and then the other two bends made, 
after marking their positions with chalk. 
The tube might be mode of two pieces connected by vnlcanized india- 
rubber. 
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ENGLISH. 



TABLE L 



C0MPABI80N OF THE BABOMXTEB SCALES IK MILUMETER8 AND INCHES. 



Mnu. 

TOO: 
TOl: 
T02: 
T03: 

•ro4: 

705: 

706 

707: 
708: 
709: 

710 
711 

712: 

713 
714 

715: 
716: 

717 
718 
719 
720 

721: 
722: 
723: 
724: 



iDcbefl. 

27-560 
27-590 
27-638 
27-678 
27-717 
27-756 
27-795 
27-835 
27-876 
27-914 
27-953 
27-992 
28032 
28071 
28111 
28-150 
28189 
28-229 
28-268 
28-308 
28-347 
28-386 
28-426 
28-465 
28 504 



Hins. 

725 
726 
727 
728 
729 
730 
731 
732 
733 
734 
735 
736 
737 
738 
739 

740: 

741 
742 
743 

744: 

745 

746: 
747: 

748: 
749: 



Inches. 

28-543 
28-583 
28-622 
28-661 
28-701 
28-741 
28-780 
28-819 
28-859 
28-898 
28-938 
28 977 
29-016 
29-056 
29-095 
29-134 
29-174 
29-213 
29-252 
29-292 
29-331 
29-371 
29-410 
29-449 
29-489 



Mms. 

750 
751 
752 
753 
754 
755 
756 
757 
758 
759 
760 
761 
762 
763 
764 
765 
766 
767 
768 
769 
770 
771 
772 
773 
774 



Inches. 

29-528 
29-567 
29-607 
29-646 
29-685 
29-725 
29-764 
29-804 
29-843 
29-882 
29-922 
29-961 
30-000 
30-040 
30-079 
30-119 
30158 
30-197 
30-237 
30-276 
30-315 
30-355 
30-384 
30-434 
80-473 



Bima. 

775 

776 
777 
778 
779 
780 
781 
782 
783 
784 
785 
786 
787 
788 
789 



Inches. 

30-512 
30-552 
30-691 
30-631 
30-670 
30-709 
30-749 
30-788 
30-827 
30-867 
30-906 
30-945 
30-985 
31024 
31-063 



Inches. Mms. 

28 = 711-187 

29 = 735-687 

30 = 761-986 

31 = 787-386 
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LIST OF APPARATUS 



FOR A COMPLETE COURSE ON PHYSICS. 



-4.--0N EQUILIBRIUM, 



A HUMBEB of weights of any unit, or, 
instead of these, tin boxes for coins, or 
sand, J 49. 

Some small scale-pans, J 49. 

Arrangement for the parallelogram of 
forces, 2 50. 

Model of the knee-press, { 61. 

Inclined plane, J 58, 54. 

Apparatus to illustrate the screw, { 55. 

Archimedes' screw, J 55. 

Model of a screw-press, { 55.. 

Apparatus to illustrate the wedge, { 56. 

Several pulleys, and gangs of pulleys, 
I 57, 58. 

Arrangement of levers, { 59. 

Wheel and axle, 2 60. 

Jack for hoisting, and models of other 
complex machines, 2 60. 

Set of regular figures of wood to illus- 
trate the center of gravity, { 61. 

A figure balancing on a point, J 62. 

Double cone, J 63. 

A roller of homogeneous wood. 

A roller loaded on one side with lead, 
I 63. 

Chinese tumblers, { 64. 

Arrangement to illustrate stable equi- 
librium, 2 65. 

Apparatus to show the position of the 
center of gravity in the balance, { 66. 

A fine balance, { 67. 



A common balance, { 69. 

Steelyard, i 71. 

Platform, or counter scales, { 72. 

Spring balance. 

Iron weights up to 25 lbs., J 70. 

Small brass weights, made to fit into 
each other, { 70. 

Apothecary's weights, { 70. 

A set of French weights, { 70. 

Marble plate and ivory ball, { 78. 

A glass trumpet, a tube cut spirally, and 
a bunch of glass threads, { 78. 

Bologna flasks, Rupert's drops, { 73. 

Arrangement to compare the absolute 
cohesion of various substances, { 75. 

Cohesion plates of glass and metal, J 76. 

Arrangment for using the cohesion plates 
in vacuo, J 76. 

Plates for the adhesion of liquids, { 76. 

Apparatus to exhibit the uniform trans- 
mission of pressure, i 77. 

Hydraulic press, { 77. 

Labels for boxes and bottles. 

Hydrostatic bellows, J 79. 

Apparatus to show the downward pres- 
sure of water, { 80. 

Apparatus to show the upward pressure, 
281. 

Communicating tubes, { 82. 

Communicating tubes for different liq- 
uids, { 82. 

(45T) 
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LIST OP APPABATUS. 



Seyeral cylinders of wood to illustrate 
the subject of floating bodies, { 88. 

Arrangement to show the loss of weight 
in water, { 84. 

Cartesian deyil, { 85. 

Specific gravity bottle, { 86. 

Glass bulb loaded with meroury, { 86. 

Nicholson's areometer, { 87. 

Volumeter, | 88. 

Tralle's hydrometer, { 91. 

Tall glass cylinder for the areometers to 
float in, 2 91. 

Areometers of Beck, Beaum^, and Car- 
tier, ; 92. 

A common saccharimeter, { 98. 

Hydrometer indicating the specific graT- 
ity directly, { 98. 

Capillary tubes, connecting with wider 
tubes, i 94. 

A lot of simple capillary tubes, { 94. 

Conical tubes, J 94. 

A number of pieces of plate glass, { 94. 

A number of small glass bulbs, some 
empty, some loaded with mercury, and 
balls of wood, cork, wax, etc., { 94. 

Some plates of mica, { 94. 

Endosmometer, { 95. 

Torricellian tubes, g 96. 

A cistern barometer, J 97. 

A siphon barometer, J 97. 

Huyghen's double barometer, § 97. 

A wheel barometer, J 97. 

Arrangement to demonstrate Mariotte*s 
law, J 98. 

An air-pump, J 99. 

Receivers for the air-pump, including 
one with a sliding rod. 

J9.— ON 

Atwood's machine, J 115. 

Apparatus to show the curve of projec- 
tiles, J 116. 

Whirling machine, ^ 117. 

Centrifugal railway, § 118. 

Gyroscope, or Bohnenberger's machine, 
8119. 

Apparatus for Foucault's experiment, 
J 120. 



Magdeburg hemispheres, { 102. 

A cylinder for bursting bladders, { 102. 

Siphon barometer inclosed in receiver, 
{102. 

Bell to ring in vacuo, { 102. 

Apparutus for freezing water, { 102. 

Flint lock to strike in vacuo, {102. 

Siphon to be placed under a receiver, 
{102. 

Arrangement to illustrate the theory of 
suction, { 102. 

Arrangement for shower of mercury, 
§102. 

Balance manometer, { 102. 

Beceiver for condensed air, {102. 

Fountain with compressed air, { 102. 

Glass balloon for weighing air, { 102. 

Tube for falling bodies in vacao, {102. 

Air-gun, { 108. 

Siphons, { 104. 

Tantalus' cup, { 104. 

Pipettes, { 104. 

Magic funnel and cans, { 105. 

Vestal's sieve, { 105. 

Hiero's fountain, { 106. 

Magic cask, J 106. 

Models of suction and force pumps, { 107. 

Model of a fire-engine, § 107. 

Intermitting fountain, J 108. 

Manometers of various kinds, { 109. 

Hydrogen lamp, § 110. 

Gas generator, {110. 

Balloon of gold-beater's skin, or collo- 
dion, { 111. 

Glass vessels communicating by a cock, 
for the dififusion of gases, { 118. 



MOTION. 

Arrangement for the fall of bodies 
through chords and arcs, {121. 

A pendulum moving on knife edges, { 121. 

A reversion pendulum, § 121. 

Pendulum to beat audibly, { 122. 

Models of the common clock and watch 
escapements, { 122. 

Apparatus to show the laws of impact, 
{128. 



LIST OF APPARATUS. 
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Apptratiu to demonttrata the law of 

incidence and reflection, { 128. 
Tribometer, { 124. 
Spouting fluid machine, { 125. 
Mariotte'B yase, { 126. 
Barker's mill, J 128. 



Water ram, { 129. 

A gasometer, { 180. 

Plate paradox for Clement's experiment, 

{182. 
Apparatus to illustrate the draft of the 

locomotiTe, { 182. 



C.—ON ACOUSTICS. 



Wheatstone's undulation apparatus, 
i 188. 

Troughs of glass and wood to hold water 
and mercury, { 188. 

A rope to show undulations, { 184. 

YioliDcello bow. 

A tube to conduct sound, { 188. 

Closed and opened organ pipes, {141. 

Lip of an organ pipe with tubes of vari- 
ous materials to fit it, { 142. 

Clamp with glass and metal disks for 
sound-figures, { 187. 

Extensible tube to sound in unison with 
a beU, { 142. 



Arrangement to produce sounds with a 

jet of hydrogen, { 148. 
Apparatus to show nodes in tubes, { 144. 
A siren, { 145. 
A monochord, { 146. 
Apparatus for longitudinal yibrations, 

{147. 
Two tuning-forks, { 148. 
Apparatus for , interference of sound- 

wayes, { 149, 150. 
Apparatus for communicating yibrations, 

{151. 
Model to illustrate yocal organs, { 152. 
Model of the ear, { 158. 



2).— ON OPTICS. 



A theodolite which may be used as a 

goniometer. 
A sheet of gold-leaf laid between glass, 

{154. 
A long graduated bar, {161. 
Stands for one and four candles, { 155. 
Photometer, {155. 

Arrangement for the camera clara, { 157. 
Plane mirrors, common and black, { 158. 
Hinged mirrors, { 158. 
Kaleidoscope, { 158. 
Concaw and convex mirrors, { 161, 162. 
Cylindrical and conical mirrors, { 162. 
Apparatus to show the law of reflection, 

{159. 
Heliostat, { 160. 
Apparatus to show the law of refraction, 

{168. 
Camera lucida. 

The six principal forms of lens, { 165. 
A large lens of 2 to 4 feet focal distance, 

and several of shorter focus, {165. 
A pocket lens. 



Several screens covered with white paper, 
1 to 10 square feet, and a small one 
covered with straw paper. 

Prisms of flint and crown glass, solid 
and hollow, { 166. 

Screens with apertures of various shapes 
and sizes, { 167. 

An oscillating prism, { 167. 

Apparatus for measuring refraction, { 167. 

Large glass bulb to illustrate the rain- 
bow, 168. 

Reusch's apparatus for the same pur- 
pose, { 168. 

Apparatus to illustrate ehromatic aber- 
ration, { 169. 

Achromatic prism. 

Achromatic lens. 

Apparatus to illustrate spherical aber- 
ration, { 170. 

Arrangement to exhibit fluorescence, 
{171. 

Stand for demonstrating the anatomy of 
the eye, { 172. 
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LIST OF APPARATUS. 



Stampfer's optometer, { 174. 

Rainbow disk, J 175. 

Thaumatrope, { 176. 

Phantascope, {177. 

Figures and colored paper for sabjeotiye 
colors, { 178. 

Norremberg's apparatus for subjective 
colors, 3 178. 

Arrangement for making colored shad- 
ows, 2 179. 

A stereoscope, { 180. 

Arrangement to make, pictures stereo- 
scopic without lenses or mirrors, 
2180. 

Camera obscura, {181. 

Solar microscope, { 182. 

Compound microscope, with prepared 
objects, 3 183. 

Simple microscope with reflector. 

Achromatic terrestrial telescope, { 184. 

Astronomical telescope, with an arrange- 
ment for equatorial mounting, } 184. 

Lenses mounted so as to illustrate the 
theory of the telescope, {184. 

A reflecting telescope, } 185. 



Mirror and prism for producing iataE^- 

ference, { 187, 188. • 
Glasses for producing Newton's ringi» 

{ 180. 
Arrangement for preceding the rings ca 

a screen, J 189. 
Apparatus for Grimaldi*s experiment on 

interference, J 190. 
Magic lantern and slides, { 186. 
Arrangements for experiments on dif- 
fraction, 2 192. 
Apparatus to illustrate the yibrations of 

polariied light, { 194. 
Polariiing apparatus, { 195. 
Tourmalin apparatus, { 197. 
Various crystals cut to show polaiii- 

ation. 
A crystal of Iceland spar, and a model 

to show the sections, { 200. 
Nichol's prism, { 202. 
Thin plates of selenite and mica. 
Polarizing apparatus for liquids, { 211. 
A piece of unannealed glass. 
A press for glass, J 212. 
Daguerreotype apparatus. 



jp.—ON MAGNETISM. 



Magnetic bars. 

Magnetic bar with succession points. 

Horseshoe magnet. 

A piece of load- stone, § 217. 



Magnetic needles, { 218. 

A compass, 219. 

Dipping needle, { 228. 

Bars of soft iron and iron-filings. 



/:— ON ELECTRICITY. 



Pith balls on linen and silk threads. 
Amalgam — Chains and hooks, { 234,285. 
Rods of glass and sealing-wax. 
An electrical needle, § 237. 
Electrometers of different sorts. 
Torsion balance, J 244. 
Proof-plane, ^ 246. 
Electrical machine, J 247. 
Steam electrical machine, J 255. 
Insulating stool, J 25G. 
Electrical spider — Chime of bells, § 257. ^ 
Electric float— Gold fish, § 257. 
Arrangement for hail storm and puppet 
dance, § 257. 



Electric pistol, § 257. 

Insulated globe and insulated cylinder, 
?258. 

Arrangement to show the effect of points, 
§259. 

Insulated ball with hemispherical caps, 
J 200. 

A roll of gilt ribbon on an insulated 
roller, § 260. 

Conductors to exhibit electrical induc- 
tion, i 261. 

Franklin's plate with detached coatings, 
J 262. 

An assortment of Ley den jars, { 263. 



LIST OF APPARATUS. 
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IHscharger — Henley's uniTersal dis- 
charger, i 264, 264. 
Lanne*0 measuring jar, { 266. 
Powder cup, J 268. 
Press for glass, { 268. 
Thunder house, J 268. 
Electric mortar, i 268. 
Kinnersley's thermometer. 



Disks for producing currents by induc- 
tion, 2 268. 

Electrophorus, { 269. 

Condensers of brass, sine, and copper^ 
J 271. 

Lightning tube, { 272. 

Spotted plate, 2 272. 

Luminous letters, 2 272. 

Electrical egg — Aurora tube, 2 272. 



(7.— ON GALVANISM. 



Copper and zinc plates for Volta's fun- 
damental experiment, 2 276. 

Voltaic pile of 50 pairs, 2 278. 

An assortment of binding-screws, 2 279. 

A single WoUaston's couple, 2 280. 

Hare's calorimeter, 2 281. 

Baniell's battery, 2 285. 

GroTe's battery, 2 286. 

Bunsen's battery, 2 287. 

Zamboni's dry pile, 2 289. 

Handles for receiving shocks, 2 290. 

A spur wheel, 2 291. 

Stand for supporting charcoal points, 
2 292, 

Apparatus for production of cold, 2 294. 

Voltameter, 2 295. 

Arrangements for electro-metallurgy, 
2 298. 

Apparatus to show the effect of the 
current on the magnetic needle, { 808. 

Several galvanometers, 2 304. 

A tangent compass, 2 807. 

Rheostat, 2 810. 

Several coils of wire of known resistance. 



Apparatus to show the resistance of 

fluids, 2 812. 
A small electro-magnet, 2 818. 
An electro-magnet for diamagnetism, 

2 318, 337. 
A spiral for making artificial magnets, 

2 814. 
A model of some machine driven by 

electro-magnetism, 2 315. 
Electric telegraph, 2 316. 
Ampere's stand, 2 317. 
A pole-changer, 2 318. 
A floating ring, 2 320. 
Apparatus to show the rotation of mag- 
nets or currents, 2 321. 
Helices for fundamental experiments on 

induction, 2 322. 
Ruhmkorf's apparatus, 2 381. 
Arrangement for the extra current, 2 326. 
Electro-magnetic machine, 2 335. 
Apparatus to show the effect of rotating 

disks, 2 336. 
Melloni's apparatus, 2 341. 



JK— ON HEAT. 



An assortment of thermometers. 
Differential thermometer, 2 344. 
Maximum and minimum thermometers, 

2 845. 
Apparatus to show the expansion of 

bodies by heat, 2 346. 
Model of a gridiron pendulum, 2 346. 
Model of chronometer compensation, 

2 846. 
Expansion apparatus for liquids, { 347. 



Apparatus to determine the maximum 
density of water, 2 348. 

Barometer tubes arranged to show the 
tension of vapors in vacuo, 2 355. 

Apparatus to illustrate the condenser in 
steam-engines, 2 356. 

Condensing apparatus for g^es, 2 357. 

Apparatus to show the tension of aque- 
ous vapor in a space filled with air, 
2 359. 
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LIST OF APPABATUS. 



Water-hfunmer, { 860. 
Poise-glass, 2 360. 
Papin's digester, { 860. 
Platina capsule for Siedenfrost's experi- 
ment, { 361. 
Various hygrometers, { 862. 
Psychrometer, { 362. 
Liebig's condenser, of glass, { 864. 
Cryophorus, { 866. 
Hero's rotating ball, J 866. 



Model of sliding Taltes, { 867. 

Fire-syringe, { 870. 

Concaye reflectors, { 872. 

Cube for radiation, 878. 

Conductometer, { 874. 

Apparatus to show the low conducting 

power of liquids, { 875. 
Safety-lamp. 
Model of a steam-engine, { 867, 868. 



INDEX. 



PAOI 

Aberbation, sphericaL 199 

chromatic 198 

Absorption of gases 183 

Adhesion 82 

Adhesion plates 82 

Agate caps 244 

Air-gun 128 

Air-pump 112 

Alloys, fusible 418 

Amalgam 254 

Amalgamating zinc 825 

Ampere's stand 876 

Analyzer 228 

Andriessen'8 electrometer^ 260 

Apparatus, care of. 17 

indispensable 28 

Pascars, to show the 
downward pressure of 

water .' 88 

Haldat's, for the same 

purpose 89 

Arago*8 rotating disks ^ 899 

Archimede's principle 92 

Areometer, Nicholson's 95 

Areometers, with scales 96 

Armature of magnets 248 

Atwood's machine ^ 185 

Aurora tube 809 

Back-stboke 282 

Balance 76 

Balancer 78 

Balloons 182 

Barker's mill 157 

Barometer, construction x>f 1 09 

Batteries, galTanic 819 

constant 827 

Battery, Daniell's 827 

Bunsen's 880 

Grove's 829 

zinc-iron ^ 884 

Beequerel's metallio colors 850 



pAoa 

Bellows 80 

Binding-screws 818 

Bismuth, crystallization of 419 

Blast-lamp ^. 87 

Blast-table 29 

Blasting by galvanism »,.„. 888 

Bohnenberger's electrometer 262 

Bologna flasks 80 

Bramah's press 84 

Breath-images 184 

Bronzing 849 

Caloabeous spar, electricity of»... 811 

Camera clara ^ 188 

obscura 209 

Canada balsam, cement of 229 

Capillary tubes 106 

Cartesian devil 98 

Case^ for apparatus 17 

Cells for Bunsen's battery 888 

Cement 53 

Centrifugal railway 142 

Chains, use of as conductors 254 

Charging electrometers 264 

Chemical harmonica 168 

Centrifugal pendulum 142 

Chinese tumbler ^ 74 

Circular polarization » 289 

Circulation of water, apparatus to 

show 452 

Clay cells for batteries 827 

Cleaning apparatus 24 

Clement's experiment 161 

Cocoon fibres 257 

Cohesion, apparatus to measure 

force of. 81 

Cold produced by galvanism 889 

Colored rings in crystalline plates... 287 

shadows 208 

Colors of thin films 286 

Communication of vibrations 178 

Commatator 877 

r468) 
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PAQI 

Compass 245 

ofiines 864 

Compensation pendulum 418 

Compound microscope 211 

Condenser 806 

Licbig's 488 

of the steam-engine, illus- 
tration of. 421 

Condensation apparatus for gases... 422 

Condensation of air 120 

Conducting power 865 

power of liquids for 

electricity 868 

power of solids 451 

liquids 451 

Coppering by galranism 849 

Cork-cutters 56 

Coulomb's electroscope 257 

Counter-scales 79 

Cryophorus, Wollaston's 488 

Crystals, cutting of for optical pur- 
poses 281 

Cups, Volta's 819 

Cutting glass tubes 88 

Daniell's hygbometeb 432 

Declination 251 

Deflagration by galvanic battery 837 

De la Rive's ring 882 

Dellmann*8 electrometer 26 1 

Diamagnetism 400 

Diamond, use of 42 

Diffraction 222 

Dipping-needle 251 

Discharger 291 

Discharging electrometer 292 

Disguised electricity 286 

Dobereiner's lamp 130 

Double refraction 233 

Draft of locomotives, apparatus to 

illustrate 161 

Drilling glass 26 

Drills for metals 48 

Duration of the impression of light.. 205 

Efplux, velocity of 154 

Eisenlohr's column of resistance 867 

Electric telegraph 375 

Electrical chime 277 

needle 256 

dance 279 

pistol 280 

machine, management of. 275 

flyer 278 

breath-images 302 

machine 265 

induction, experiments on 284 

Electricity, distribution of 282 

disguised 286 



PAAI 

Electricity, experiments on 258 

developed by magnetic 

induction 898 

Electrolysis 840 

Electro-magnets 868 

Electro-magnetism as a motor 878 

Electro-metallurgy 848 

Electrophorus 808 

Elderrpith 258 

Emery 26 

Eolipile 87 

Equatorial mounting of telescopes.. 215 

Equilibrium 74 

Escapement 160 

Etching 42 

Expansion, experiments on 406 

Expansion of gases 416 

soUds 412 

liquids 418 

bodies of heat 412 

Extra current 889 

Eye, structure of 201 

Fall, in vacuo 128 

Fall through chords and arcs 146 

Fire syringe 446 

Flat spirals 887 

Floating currents 882 

Fluorescence 200 

Forces, composition of 61 

Forces, parallelogram of 58 

Forge 18 

Foucault's experiment 143 

Frankenstein's process 848 

Franklin's plate 287 

Frauenhofer's lines 196 

Freezing mixtures 416 

Friction, apparatus to measure 153 

Friction-wheels 153 

Frog experiment 811 

Fusible alloys 418 

Galvanism, experiments on 311 

Galvanometer for electro-metallurgy 346 

construction of 351 

Gas apparatus 19 

blow-pipe 84 

Ga8es,^ondensation of 422 

specific gravity of 122 

expansion of 416 

flow of, through tubes 160 

Gasometer 159 

Gilding 845 

Glass-blowing 88 

Glass for electrical purposes 258 

pressed 240 

unannealed 240 

stoppers, grinding 27 

Glue 58 



INDEX 
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PAOl 

Gold-leaf electrometers - 269 

OoTernors 142 

Grabaud*8 freezing apparatua ^ 417 

Oraduating machine... .* 98 

Gridiron pendulum 418 

Gutta-percha 254 

Gyroscope 148 

Haldat*s appaeatub 89 

Hard steel, how magnetized 878 

Hare's oalorimoter 828 

Helices for induction.. 886 

HeliosUt 186 

Helix 880 

Henley's uniyersal discharger 291 

Hero's rotating ball 489 

Herschel's experiment on interfer- 
ence 176 

Hiero's ball 121 

fountain 127 

Hoffer's method of magnetizing 248 

Hopkins's experiment on nodes of 

Tibration 69 

Hydrostatic bellows 87 

Hydrometer Tralle's 99 

Beck's 100 

Beaum6's 100 

Cartier's 100 

Hygrometers 480 

loB, formation of. 117 

Iceland spar, formation of 229 

Impact, apparatus to illustrate 160 

Inclined plane 62 

Index of refraction, measurement of. 196 

Induction, experiments on 886 

Insulating stool 277 

Interference prism 218 

of light 216 

of waves 164 

of sound-waTes 176 

Intermitting fountain 128 

JoiKTS, how to make tight 64 

Kaleidoscope 188 

Keeper for magnets 248 

Knee-press 60 

Lamp fob qlass-blowino 82 

Lanne's measuring-jar 292 

Latent heat of water 416 

steam 487 

Lestpre-room 17 

LeidtefhNit's experiment 429 

hmm 192 

Le^inr, illustrations of 69 

Leyden jar, construction of 288 

Liohtenberg's figures 806 



PAOl 

Liebig's condenser 488 

Lightning tube 809 

Link motion in locomotiTes 448 

Loadstone 248 

LocomotiTe, model of. 441 

Longitudinal ribrations 171 

Haoio lahtb&h 216 

Hagioftinnel 126 

Magdeburg hemispheres.. 115 

Magnetic curves 250 

Magnetic effects of the galvanic cur- 
rent 851 

Magnetic hammer - 890 

magazines 242 

needles 244 

Magnetism, experiments on 241 

induction of. 250 

Magnetization 247 

Magneto-electric machines 892 

Magnets, artificial 241 

preservation of 242 

natural 248 

power of 249 

Magnifying power of lenses, estima- 
tion of 218 

Manometer 120, 129 

Mariotte's law 110 

vase 166 

Matteucci's disk 801 

Maximum power of the battery, 

how obtained 871 

Maximum density of water 416 

Measure of resistance 867 

Measures 24 

Melloni's apparatus 402 

Mercury, purification of 109 

cups 818 

Mirrors, plane 188 

concave 186 

convex 189 

Monochord 172 

Moulds for electrolysis 844 

Muench's galvanic apparatus 828 

Miiller's pole-changer 878 

Newton's binqs 219 

Nichol's prism 285 

Nobili's rings 850 

Nodes of vibration 165 

Norremberg's polarizing apparatus. 287 
apparatus for sub- 
jective colors 207 

Ohm's law 866 

Optometer, Stampfer's 208 

Organ-pipe, theory of 166 

construction of 167 



80 
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PAOI 
PaPIN'b DI0E8TBB. 427 

PMcaPs apparfttuB 88 

Pendulum 146 

Pendulum with audible beat 122 

Phantascope 206 

Photometer, Bitohie's 180 

Bunsen'fl 182 

Photometi^ 180 

Physiological effects of galTanlo 

current 884 

Pipette 126 

Platform-scales 79 

Plate paradox 161 

Plates for electrical machines 266 

Platinising 849 

Points, effect of on eleotricitj 282 

Polarisation of light 225 

Polarising apparatus 225 

Pole-changer 877 

Press for glass 297 

Prisms 192 

oscillating 194 

for sulphide of carbon 1 98 

Projectiles, motion of. 186 

Proof-plane 265 

Psjchrometer 485 

tables for 486 

Pulley, construction of 67 

Pulse-glass 426 

Pyrometers 412 

quadbant electbometeb 258 

Radiation of cold 449 

Radiant heat, experiments on 449 

Rainbow, illustrations of 197 

Reflection of sound 166 

of light, Miiller's appa- 
ratus to illustrate 184 

Reflectors for heat 447 

Refraction 180 

experiments on 189 

RegnauU's hygrometer 484 

Reinsch's induction apparatus 390 

Reusch's apparatus 197 

Rheostat 805 

Richmann's law 445 

Rotary apparatus 382 

Rotating conductors 379 

disks, magnetic efi'ects of . 399 

Ruhmkorf's apparatus 392 

Rupert's drops 80 

Saussube's haib utgrometeb 431 

Sayart^s experiment on sympathetic 

notes 168 

Scheiner's experiment 208 

Screw 64 



MAI 

Screw, Miiller's experiment to illus- 

trate 65 

Silk for electrical purposes 26S 

SiWering 846 

Siphon 124 

anatomical 87 

Siren 171 

Solar microscope 210 

Soldering 50 

fluid 61 

Solenoid 880 

Solidification, heat of. 418 

Sound-figures 165 

Specific heat 445 

grarity, determination of... 98 

Spectacle-glasses, selection of. 204 

Spheroidal state of liquids 429 

Spouting-fluid machines 154 

Spur-wheel 885 

Stampfer's optometer 208 

Steam-engine 489 

models of. 441 

Steam, latent heat of 487 

Steam electrical machine 277 

Steelyard 79 

Stereoscope 209 

Straw electrometer 259 

Structure of the ear 179 

Subjeotiye colors 207 

Tangent compass 360 

Tantalus' Tase 124 

Telescope 215 

Tempering steel 44 

Tension of electricity on the induc- 
tion wire 392 

of galvanic pile 334 

of vapor in a closed space . 421 

Terrestrial magnetism 252 

Thaumatrope 205 

Thermo-pile 402 

electricity 401 

electric currents produced 

with one metal 401 

Thermometers, construction of. 405 

differential 411 

maximum and mini- 
mum 412 

Thunder-house 298 

Tin-foil 289 

Tools 21 

Torricellian vacuum 108 

Torsion balance 264 

Total reflection 191 

Tourmalin apparatus 220 

electricity of. 810 

Tribometer 158 

Turning-lathe 22 

Tuning-fork 175 



INDEX. 
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PAOl 

Umbba and Penambra 188 

Undulating machine... 226 

Upward pressore of water 90 

Yaltss of steam-engine, model of.. 440 

Varnishing 64 

Vaporization, laws of. 419 

Vapors, diffusion of, through gases. 426 

Vernier <. 26 

Vestal's sieve 126 

Vision 208 

Vocal organs 179 

Voltaic pile 816 

light 887 

Voltameter 840 

Watsb-hammeb 426 

ram 167 
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Water, maximum densitj of 416 

Wares of a rope 164 

in water 168 

Wedge, illuftrations of. 66 

Wei^iingair 121 

Weights 78 

Wheat8tone*8 apparatus 168 

Wheel and axle 72 

Whirling-machine 187 

Widow's cruse 126 

Wire drawing 44 

wrapping machine 866 

Winter's electrical machines 272 

Wollaston's cryophorus... 488 

^Wanio apparatus 820 

Wrapping wires 866 

Zamboni'8 Pit! 268, 866 
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Hott and GUddon's Types of Mankind. 

Types of Maakind, or Ethnnlog'cal Keseftrchu, based apOD 




the Ancient Paintings, Monumenta, ScolptnreB, and Crania 
of Races, and upon Natural, Geographical, Philological, 
and Biblical History. By J. C. Nott, M.D., of Mobile, 
Alabama, and Qsobqe R. Gliddon, formerly United States 
Consul at Cairo. One rdi 8vo. $5.00. 
Tnilj, "Tjpcs of HRnklad" Is a work in sll respeoU worthj of our 
kge and honoT&bl« to our oountrj. It la uniqne in oonception, remarkable 
In execution, and in the thoroaghgoing and oatipoken maBoer in which i( 
■ttikea at the root of hialorical falaehooda, elerioal ignoranoe, and philan- 
Ihropical humbugs. At (he aaae time It plsoei the atudj of mankind 
npOD philOBophioal fonndatiDDi, oew aa tbejare noble, and durable aa thej 
are simple. More uieful aeientiflo knowledge, and more Taried emdttion. 
were never before eompreaied into the utme ipaee. — Ifev York Iftratd. 
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Theism and Skepticism. 

A Treatise on Theism and on the Modem Skeptical Theories. 
By Professor Fbanois Whabton, of Kenyon College, One 

vol. 12mo. $1.25. • . 

It is a very interesting volume even to us upon this side of the Atlantic. 
It may be placed with great advantage in the hands of thoughtful and 
inquiring young persons; for it eonducte the several lines of argument it 
takes up to sound conclusions, while the path is made pleasant by anecdote 
and illustration. ... A more interesting book, or one likely to bo 
more useful to young and ardent minds passing through that anxious state 
which often intervenes to such between the simple happy acquiescence of 
childhood, and that firm faith and undisturbed repose which is the fruit of 
many a bitter conflict, we hate not lately met with, and we shall be glad 
to contribute anything to its success and wider circulation. — London Chrit' 
tian Obterver, 

He illustrates his positions from law books and from Goethe; from 
Agassis, with his fossil fishes, and from Shakspeare ; from lectures on 
coal, and from Hugh Miller's Word-Pictures on the Rocks. ... We 
are certain no one can rise from a perusal of Mr. Wharton's book without 
being both interested and instructed. — Southern Churchman. 

The Human Body, etc. 

The Human Body and its Connection with Man. Illustrated 
by the principal organs. By J. J. Garth Wilkinson, Mem- 
ber of the Royal College of Surgeons of England. One 
vol. 12mo. $1.00. 

A very curious and origiDal work. It considers the organism of man in 
connection with his moral and spiritual nature, and ignores those maxims 
of natural science which regard him merely as an animal. The author is 
said to faTor the doctrines of Swedenborg, and he has drawn largely on 
the writings of that remarkable author in relation to the human body. No 
work on this subject has ever attracted so much attention from the religious 
world as this volume on ''The Human Body and its Connection with 
Man." 

The Two Lights. 

The Two Lights. By the author of "Struggles for Life." 

One vol. 12mo. $1 00. 
A spirited novel, written with a religious purpose, and designed to re 
buke the skeptical spirit so prevalent in Christendom. The incidents are 
striking, the characters well drawn, and the style lively and readable. 
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